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Abstract. In this article we give self-contained existence proofs for the spo- 
radic simple groups C02 and F122 using the second author's algorithm [10] con- 
structing finite simple groups from irreducible subgroups of GL n (2) . These two 
sporadic groups were originally discovered by J. Conway [4] and B. Fischer [7], 
respectively, by means of completely different and unrelated methods. In this 
article n = 10 and the irreducible subgroups are the Mathieu group M22 and 
its automorphism group Aut(A422)- We construct their five non-isomorphic 
extensions Ei by the two 10-dimensional non-isomorphic simple modules of 
M22 and by the two 10-dimensional simple modules of A22 = Aut(A / (22) over 
F = GF(2). In two cases we construct the centralizer Hi = Cq <(zj) of a 
2-central involution Zj of Ei in any target simple group (5^. Then we prove 
that all the conditions of Algorithm 7.4.8 of [11] are satisfied. This allows us 
to construct ©3 £S Co 2 inside GL 23 (13) and <S 2 = Fi 22 inside GL 78 (13). We 
also calculate their character tables and presentations. 



1. Introduction 

In 1969 J.H. Conway [4] discovered three sporadic simple groups which he 
defined in terms of the automorphism group A — Aut(A) of the 24-dimensional 
Leech lattice A, see also [5]. The center Z(A) of A has order 2, and Coi = A/Z(A) 
is the largest of these three simple groups. He obtained his groups C02 and C03 as 
stabilizers in A of suitable vectors of the Leech lattice. 

Two years later B. Fischer found three sporadic simple groups by characterizing 
the finite groups G that can be generated by a conjugacy class D = z G of p- 
transpositions, which means that the product of two elements of D has order 1,2, 
or p, where p is an odd prime. He proved that besides the symmetric groups S n , 
the symplectic groups Sp„(2), the projective unitary groups U„(2) over the field 
with 4 elements and certain orthogonal groups, his three sporadic simple groups 
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K22, Fi23, and Fi 24 describe all 3-transposition groups, see [7]. Whereas the 24- 
dimcnsional Leech lattice A provides a natural action of A = Aut(A) and has two 
well defined 23-dimensional sublattices on which the Conway groups C02 and C03 
act, Fischer had to construct a graph Q and an action on it for each 3-transposition 
group G = (D). As its vertices he took the 3-transpositions x of D. Two distinct 
elements x,y G D are called to be connected and joined by an edge (x,y) in Q if 
they commute in G. He showed that each of the groups considered in his theorem 
has a natural representation as an automorphism group of its graph Q. See also [1] 
for a coherent account on Fischer's theorem. 

It is the purpose of this paper to provide uniform existence proofs for the simple 
sporadic groups C02 and Fi 2 2 by means of Algorithm 2.5 of [10] constructing finite 
simple groups from irreducible subgroups T of GL n (2). Here we deal with the case 
n = 10 and the irreducible subgroups M22 and A22 = Aut(A^22)- Our methods are 
purely algebraic and do not require any geometric insight. Furthermore, they are 
not restricted to the study of sporadic groups. Since every finite simple group G has 
finitely many irreducible representations V, Algorithm 2.5 of [10] can be applied 
again to the extensions E of G by V. In particular, .M22 has been constructed this 
way from the irreducible subgroup S5 of GL/4(2), see Proposition 8.2.4 of [11]. Here 
the algorithm is applied again to the simple modules of M22 and its automorphism 
group ^22 • 

In Section 2 we state some known facts about .M22, its automorphism group A22 
and their irreducible representations over F = GF(2). As shown in [9], the groups 
M22 and A22 each have two simple modules V\, V2 and V3, V4 of dimension 10, re- 
spectively. We show that the second cohomological dimensions diirii?[i? 2 (Al22, V£)] 
and dim F [H 2 (^22, V,)] are for i = 1,2 and i = 4, but dim F [H 2 (A 2 2, V 3 )} = 1. 
Therefore there are four split extensions Ei = V% x M.22-, i = 1,2, Ei = Vj x ^22, 
i = 3,4 and one non-split extension E 5 of V3 by A 2 2- For each of these five 
groups we state a presentation in terms of generators and relations, see Lemmas 2.4 
and 2.5. We also construct for each of them a faithful permutation representation, 
see Lemma 2.6. In all five cases it has been checked that the elementary abelian nor- 
mal subgroup Vi is a maximal elementary abelian subgroup of a Sylow 2-subgroup 
Si of Ei as required in Step 4 of Algorithm 2.5 of [10]. 

In Section 3 we apply Step 5 of that algorithm to the extension groups E 3 
and E 2 - Let E be any of these two groups. Then E has a unique conjugacy 
class z G of 2-central involutions. Let D = Ce(z). Using a faithful permutation 
representation of E we find in both cases a uniquely determined nonabelian normal 
subgroup Q of D such that V = Q/Z(Q) is elementary abelian of order 2 8 , where 
Z{Q) denotes the center of Q. Furthermore, Q has a complement W in D. In 
both cases W has an elementary abelian normal Fitting subgroup B which has a 
complement L in W . 

In the first case, E = E3, it follows that W has a center Z(W) = (u) of order 2 
and that L = Sq. Using Yamaki's Theorem 8.6.6 of [11] we see that W is isomorphic 
to the centralizer of a 2-central involution of the symplectic group Sp 6 (2). Applying 
now Algorithm 7.4.8 of [11] we construct a simple subgroup K of GLg(2) such that 
Ck(u) = W, \K : W\ is odd, and K = Sp 6 (2). In order to perform all these 
steps we start from the factor group D/Z(Q). Let Ui be the split extension of K 
by V. Then we construct all central extensions H3 of U\ by Z(Q) and check which 
ones have a Sylow 2-subgroup 53 which is isomorphic to the ones of D. We prove 
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that this happens exactly once. Thus the group H3 with center Z(H^) = (z) is 
uniquely determined, see Propositions 3.1. Furthermore, we prove in Lemma 3.2 
that S3 has a maximal elementary abelian normal subgroup A of order 2 10 such 
that Nh 3 (A) = D as it is required by Algorithm 2.5 of [10]. 

In the second case, E = E 2 , it follows that Q has an elementary abelian center 
Z{W) — {z\,Z2) of order 4. This time the Fitting subgroup B of the complement 
W of Q has order 16 and its complement L in W is isomorphic to the symmetric 
group 6*5. Since the center of W is trivial we apply Algorithm 2.5 of [10] to 
construct a subgroup K of GL 8 (2) such that Nk{A) = W, \K : W\ is odd, and 
K = Aut(U4(2)). Again we start from the factor group D/Z(Q). Let U\ be the 
split extension of K by V. Since Z(Q) is elementary abelian of order 4 we have 
to construct two consecutive central extensions of U\. As above it follows that 
there is a uniquely determined extension group H 2 which satisfies all the required 
conditions of Algorithm 2.5 of [10], see Proposition 3.3 and Lemma 3.4. 

In Section 4 we take the constructed presentation of H3 as the input of Algo- 
rithm 7.4.8 of [11]. It returns a finite simple group ©3 inside GL 2 3(13) of order 
2 18 • 3 6 • 5 3 • 7 • 11 • 23 having a 2-central involution 3 such that C© 3 (3) = H 3} see 
Theorem 4.2. We also calculate the character table of ©3. It is equivalent to the 
one of Conway's second sporadic group C02 . For further applications we also state 
a finite presentation of (83 in Corollary 4.3. 

In Section 5 we apply the same methods to the presentation of the involution 
centralizer H 2 and we obtain a finite simple group © 2 inside GL7 8 (13) of order 
2 17 • 3 9 • 5 2 • 7 • 11 • 13 having a 2-central involution 3 such that C@ 2 (^) = H2, see 
Theorem 5.1. We calculated the character table of 25 2 and verified that it is equiv- 
alent to the one of Fischer's sporadic group Fi 22 ■ We also obtained a presentation 
of 02, see Corollary 5.2. 

In the final section we show that Algorithm 2.5 of [10] constructs the automor- 
phism group of the Fischer group Fi 22 when it is applied to the extension E4, see 
Corollary 6.1. However, it fails to construct a centralizer Hi from Ei in the cases 
i = 1,5. The following diagram summarizes our experiments with Algorithm 2.5 
of [10] described in this article. 



.M 22 



V 2 : M22 



Fi 



22 



V3 : Aut(7W 22 ) 



-> Co 2 




Aut(7W 22 ) 




GL 10 (2) 



In the Appendices we collect all the systems of representatives of conjugacy 
classes in terms of the given generators of the local subgroups Ei , Hi and Di for 
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i = 3,2. We also state the character tables of these groups and the four generating 
matrices of the matrix group ©2 — Fi22- 

Concerning our notation and terminology we refer to the books [3] and [11]. 
The computer algebra system Magma is described in [2] . 

2. Extensions of Mathieu group M22 and Aut(A^22) 

The Mathieu group M.22 is defined in Definition 8.2.1 of [11] by means of 
generators and relations. This beautiful presentation is due to J. A. Todd. The 
irreducible 2-modular representations of the Mathieu group .M22 were determined 
by G. James [9]. Here only the two non-isomorphic simple modules Vi, i = 1, 2, of 
dimension 10 over F — GF(2) will be considered. Todd's permutation representa- 
tions of the Mathieu groups are stated in Lemma 8.2.2 of [11]. All conditions of 
Holt's Algorithm [8] implemented in Magma are satisfied, and it is applied here. 
Thus we show that for each simple module Vi there is exactly one extension Ei 
of M.22 by Vi, the split extension. The presentations of E\ and E 2 are given in 
Lemma 2.4. 

Then we show that the automorphism group A22 = Aut(Al22) has two 10- 
dimcnsional irreducible representations Vi, i = 3,4. In Lemma 2.5 we also prove 
that A22 has a non-split extension E$ by V3 besides the two split extensions by V3 
and V4. All extension groups are described here by generators and relations. We 
also give faithful permutation representations of all five extension groups Ei, see 
Lemma 2.6. They yield the basic information about these groups that will be used 
in the following sections. 

In order to avoid any ambiguities we specify our concrete definition of a semidi- 
rect product. This is necessary to document the close relation between the irre- 
ducible representations Vi of .M22 and ^4 2 2 and the documented presentations of 
the extension groups Ei, 1 < i < 5. Furthermore, these presentations work for all 
split extensions of linear groups over prime fields by their natural vector space. 

Definition 2.1. Let F be a prime field of characteristic p > 0, G be a subgroup 
of GL„(F), and V = F n be the canonical n- dimensional vector space. Then V 
is a right FG-module of the group algebra FG of G over F with respect to the 
multiplication v ■ g defined by the product of the row vector v € V times the matrix 
g € G. For each matrix g S G let g* = [.9 _1 ] T be the transpose of the inverse 
matrix g~ x of g. Then by Definition 3.4-4 °f [H] V becomes a right FG-module 
under the multiplication [v,g] := [g* ■ (v T )] T where ■ denotes the product of the 
matrix g* times the column vector v T . This right FG-module V* is called the dual 
FG-module ofV. 

The semidircct product FxG of V and G consists of all pairs {v,g), with 
v € V and g G G. Its multiplication * is defined by: 

(vi,gi) * (v 2 ,g 2 ) ■= {vi + [w2,ffi],.giff2) for all vi,v 2 € V and all g x ,g 2 G G. 

If we identify each »£l / with (v, 1) and each g <G G with (0,g), then we have that 
v * g = (v + [0, 1], lg) = (v, g) for each v <G V and g G G. 

The proof of the following well-known result is routine and therefore omitted. 

Lemma 2.2. Let G = (xi \ 1 < i < r) be a finitely generated subgroup o/GL„(F) 
with set of defining relations 1Z(G) in the given generators xi . Let V — F n be the 
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canonical n- dimensional vector space with standard basis {ej 1 1 < j < n}. Let 
1Zi(V x G) be the set of all relations: 



'or all 1 < j < n, 
efe * ej = ej * et for all 1 < j, k < n. 

Let 1Z 2 (V x G) be the set of all relations: 

Xi * ej * x^ 1 = ei a(i)l ' 3 * • • • * e„° W "' J for all 1 < i < r, 1 < j < n, 

where (a(i) jl ,a(i) j2 , ■ ■ .,a(i) jn ) = [(xi)* ■ ((e 3 ) T )] T . Then 

TZ(V x G) = H X {V x G) U TZ 2 (V xiG)U 11(G). 

Remark 2.3. (a) For a given finitely presented group G the set 1Z(G) of denning 
relations is equal for all its split extensions E by elementary abelian p-groups V. 
Furthermore, the set 1Zi(V xi G) of relations describing the multiplication in the 
elementary abelian group is uniquely determined by the dimension of V over F. 
Therefore this set of relations is abbreviated by 1Zi(V xi G) in the rest of this 
article. In particular, it suffices to state explicitly only the set of essential relations 
TZ 2 (V >J G) of the split extension V x G. 

(b) The semidirect products V x G constructed in this article by means of 
Lemma 2.2 are isomorphic to the semidirect products of G by V calculated by 
means of Magma. However, sometimes the sets 1Z(V x G) of defining relations 
can be different. Furthermore, Lemma 2.2 can be applied to large groups and it is 
independent of Magma. 

In the following F = GF(2) and p = 2. 

Lemma 2.4. Let M.21 = ( a ,b,c,d,t,g,h,i) be the finitely presented group of 
Definition 8.2.1 of [11]. Then the following statements hold: 

(a) A faithful permutation representation of degree 24 of A4 22 is stated in 
Lemma 8.2.2 of [11]. 

(b) The first irreducible representation V\ of A4 22 is described by the following 
matrices: 



Max 



Mci 



1010000000 

000 1000000 

0010000000 

0100000000 

0010000100 

00000000 10 

0010001000 

0010100000 

0000010000 , 

0010000001/ 



1000010010\ 

0010110000 \ 

0010000000 

0000000110 

0100000010 

0010000010 

0010001000 

0011010000 

0010010000 

0010010011 



1011000010\ 
0110110010 \ 
0011110000 
0011100000 
0010110000 
0011010000 
0010001000 
0001010010 
, 000 1 100 1 10 , 
\ 0000100011/ 



Mb! = 



Mdi = 



M 9l = 



1010100100\ 
0000110000 \ 
0010000000 
0010000110 
0000000100 
0100000100 
0010001000 
0000100000 
, 0011100000, 
\ 0010100101/ 



1001010100\ 

0010 1000 10 \ 

0101110110 

0000010100 

0001000010 

0000100110 

000 1111000 

0001100110 

0000110100 

0001110001 



1010000000\ 
0010001110 \ 
0010000000 
0011000110 
0010100100 
0010010010 
0110000110 
0000000100 
, 0000000010 , 
\ 0000000101/ 
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Mh-i = 




and Mil — 



/ 0000110001\ 
/ 01 1 1 100000 \ 




(c) The second irreducible representation V 2 of M. 22 is described by the trans- 
pose inverse matrices of the generating matrices of A4 22 defining V\: 
Ma 2 = [Ma' 1 ]?, Mb 2 = [Mb~ 1 } T , Mc 2 = [Mc^] T , Md 2 = [Md'Y , 
Mt 2 = [Mt^Y, Mg 2 = [Mg^f, Mh 2 = [Mh^] T and Mi 2 = [Mi^] T . 

(d) dim F [H 2 (M 22 , Vi)} =0 for i = l, 2. 

(e) Ei = Vi x M 22 = (a,b,c,d,t,g,h,i,vi,V2,V3,V4,,V5,ve,V8,vg,V9,vw) has 
set IZ(Ei) of defining relations consisting of 1Z{M. 22 ) , TZ\{V\ x M. 22 ) and 
the following set 1Z 2 {V\ x M. 22 ) of essential relations: 

av\a~ l viv 3 = av 2 a~ 1 V4 = av 3 a~ x v 3 = av±a~ l v 2 = avc s a~ 1 v 3 v% = av§a~ l vg = 1, 

av 7 a~ 1 v 3 v 7 = av s a~ 1 v 3 v 5 = av g a~ 1 v 6 = av w a~ 1 v 3 v w = 1, 

bvib^ 1 viv 3 v 5 v% = bv^^v^v^ = bv 3 b^ 1 v 3 = bv4b~ 1 v 3 v s v 9 = 6u 5 6 _1 w 8 = 1, 

6w6^ _1 ^2«8 = bv 7 b~ 1 v 3 v 7 = bvsb~ 1 V5 = bvgb~ 1 v 3 V4V? ) = bvwb^ 1 V3V5VSVW = 1, 

CVlC~ 1 VlV§V$ = CV 2 C~ 1 V 3 V$V & = cv 3 c~ 1 v 3 = CV4C~ 1 V$Vg = CV^C^V^g = 1, 
CV 6 C^ 1 V 3 Vg = CV 7 C~ X V 3 Vj = CV$C~ 1 V 3 V4V 6 = CVgC~ 1 V 3 V§ = CViqC^ 1 V 3 V 6 VgV W = 1, 

dvid~ 1 viv i v e v s = dv 2 d~ 1 v 3 v$vg = dv 3 d~ 1 v 2 V4,V5VQVsVg = dv^d^v^vg, = 1, 
dv^d" 1 v^vg = dv^d^v^v^vg = dv 7 d~ 1 V4V 5 v 6 v 7 = dv^d^v^v^v^vg = 1, 
dvgd~ 1 v 5 v e v$ = dv w d~ 1 v 4: v 5 v e vi = tv 1 t~ 1 viv 3 v 5 v 6 v s = tv 2 t~ 1 v 2 v i v$ = 1, 
tv 3 t~ 1 V4 : v 5 v 6 = tv 4: t~ 1 v 3 v 5 = tv 5 t~ 1 v 3 v 6 = tv§t~ 1 v 3 v i = tVjt~ 1 V±V<sV & Vj = 1, 

tv$t~ 1 V4V 6 V S V 9 = tVgt~ 1 V 4 V 5 V S = tVigt^ 1 V 3 V 4 V 5 V 6 V S V W = 1, 

gvig~ 1 v 1 v 3 = gv 2 g~ 1 v 3 v 7 v$v 9 = gv 3 g~ 1 v 3 = gv 4 g~ 1 v 3 v 4: v s v 9 = 1, 
gv59~ 1 v 3 v 5 v 8 = gv 6 g~ 1 v 3 v 6 v 9 = gv 7 g~ 1 v 2 v 3 v 8 v 9 = gv$g~ 1 v 8 = 1, 
gv 9 g~ 1 v g = gv w g~ 1 v s v w = hvih~ 1 viv 9 = hv 2 h~ 1 v 2 v 6 = hv 3 h~ 1 v 3 v 6 v 9 = 1, 
hv4,h~ 1 V4,Vg = hv 5 h~ 1 v 6 v$ = hv 6 h~ 1 v 6 = hvjh^vgVm = hv$h~ 1 v 5 v e = 1, 
hv 9 h~ 1 v 9 = hv w h~ 1 V7V 9 = wii _1 w 5 W6«io = iv 2 i~ 1 v 2 v 3 V4V§ = 1, 
iv^^-vsViV^e = ivii^^-v^v^ = iv 5 i~ 1 v 3 v 5 v 6 = iv^^-ViV^ = 1, 
iv 7 i~ 1 V4 : V5V 6 V7 = iv^i^^-v^VQVg = ivgi^^-vzViVs = iv w i~ 1 viV3V4 : v e = 1. 

(f) E 2 = V 2 x M 22 = (a,b,c,d,t,g,h,i,v 1 ,v 2 ,v 3 ,v 4 ,v 5 ,v (i ,v s ,v 8 ,vg,v 1 o) has 
set 1Z(E 2 ) of defining relations consisting of 1Z{M. 22 ) , 1Z\{V 2 x M. 22 ) and 
the following set 1Z 2 (V 2 x M. 22 ) of essential relations: 

av\a~ l vi = av 2 a~ 1 V4 = av^a^ 1 viV3V5V 7 VgVio = aV4a~ 1 v 2 = av§a~ 1 vg, = 1, 

av§a~ 1 vg = av 7 a~ 1 v 7 = av s a^ 1 v 5 = avga^v^ = aviga^vig = bv\b~ 1 vi = 1, 

bv^^Vs = bv 3 b~ 1 ViV 3 V4V 7 VgVio = bv4b~ 1 v g = bv 5 b~ 1 viv 2 v s vgv w = 1, 

bveb~ 1 v 2 = bv 7 b~ 1 v 7 = bv^b^ 1 viV4V 5 v e vig = bv 9 b~ 1 V4 = bv w b~ 1 v w = 1, 

cv\c~ 1 vi = cv 2 c~ 1 v 5 = cv 3 c~ 1 v 2 v 3 VQV 7 VsVgVw = cw 4 c _1 w 8 = cv 5 c~ 1 v 2 = 1, 
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CVftC^ 1 V1V2V8V9V10 — CVjC~ 1 V7 = CVgC~ 1 V4 = CV$C~ 1 VlV4V5V6VlO = 1, 

cv\qc~ v\q — dvidT 1 vi — d,V2(l~ V3 = dv 3 d~ V2 = dv^d^ 1 viv 3 v^v 7 vg,vx 9 = 1, 
dv$d~ 1 V2Vzv§vjv%VQViQ — dv§d~ 1 v\v 3 V4V 7 v 9 v\Q — dv-jd~ 1 v 7 = 1, 
dv&d~ 1 v\v 3 ViV§v%v 9 = dv 9 d~ 1 V2V 3 V5V6V$ = dv w d~ 1 v w = tvxt^vi = 1, 

tv 2 t~ 1 V2 = tv 3 t~ 1 ViV 2 V 3 V4 : V 5 VQV 7 = tv 4: t~ 1 ViV3V4,V6VgVg = 1, 

tv 5 t~ 1 v 2 v 3 V4V 5 v 9 v 10 = tv 6 t~ 1 v 2 v 3 v 5 v 6 v$ = tv 7 t~ 1 v 7 = tv$t~ 1 v 9 = 1, 
tv 9 t~ 1 v 1 v 2 v s v 9 v 1 o = tv 10 t~ 1 v 10 = gv 1 g' 1 v 1 = gv 2 g~ 1 v 7 = 1, 
gv 3 g~ 1 v 1 v 2 v 3 V4V 5 v 6 v 7 = gv 4 g~ 1 v 4 = gv b g^v 5 = gv^g^v^ = gv 7 g~ 1 v 2 = 1, 
gv & g~ 1 V2V i v b v 7 v 6 v 19 = gv 9 g~ 1 v 2 v 4: v 6 v 7 v 9 = gv w g~ 1 v w = hv 1 h~ 1 v 1 = 1, 
hv2h~ 1 V2 = hv 3 h~ 1 v 3 — hvihT = hv§h~ v% — hv§h~ l V2V 3 v§VQVg, = 1, 
hv 7 h~ 1 vio = hvsh^ 1 vr ) = hv 9 h~ 1 v\V 3 ViV 7 v 9 viQ — hv\oh~ v 7 = 1, 
ivii~ 1 v w = iv 2 i~ 1 V2 = iv 3 i~ 1 v 2 v 3 v 4: v 5 v 9 v w = iv i i~ 1 V2V 3 v 6 v 7 v s v 9 v w = 1, 
iv 5 i~ 1 viV2V 3 V4V 5 v e v 7 — w 6 i _1 wiW3W5W7«8Wio = iv 7 i~ 1 v 7 = 1, 
iv$i~ 1 v 9 — iv 9 i~ 1 vg — iuioi _1 wi = 1. 

PROOF. The two irreducible fA^-modules Vi, i — 1,2, occur as composi- 
tion factors with multiplicity 1 in the permutation module (1a4 2 i)" M22 °f degree 22 
where M21 = (a,b,c,d,t,g,h,i). They are dual to each other. Using the faithful 
permutation representation of AI22 stated in (a) and the Meataxe Algorithm im- 
plemented in Magma we obtain the generating matrices of .M22 given in (b) that 
define V\. Their dual matrices define V2, yielding (c). 

(d) The cohomological dimensions di = dimp[H 2 (A422, Vi)], i = 1,2, have been 
calculated by means of Magma using Holt's Algorithm 7.4.5 of [11]. Its hypothesis 
is given by the presentation of M22 in Definition 8.2.1 of [11] and all the data stated 
in (a), (b) and (c). It follows that d\ = = g?2- 

(e) Since d\ — there exists only the split extension Ex of M22 by V\. The 
presentation of Ei has been obtained automatically by application of Lemma 2.2 
and Magma. 

(f) Since d 2 — the split extension E 2 of M22 by V2 is well defined. Its 
presentation has been obtained by application of Lemma 2.2. □ 

Lemma 2.5. Let M.22 = (a,b,c,d,t,g,h,i) be the finitely presented group of 
Definition 8.2.1 of [11]. Let A22 = Aut(A^22)- Then the following statements hold: 

(a) A22 has a faithful permutation representation of degree 44 and is isomor- 
phic to the subgroup {Pp, Pq) of the symmetric group S44 generated by the 
following permutations: 

Pp = (1, 2, 7, 4)(3, 21, 44, 25)(5, 24, 22, 26)(6, 8, 39, 36)(9, 35)(10, 37, 12, 13) 
•(11, 20, 14, 17)(18, 19)(23, 42, 41, 32)(27, 29)(28, 33)(30, 31, 43, 34), 

Pq = (1, 3, 16, 44, 13, 5)(2, 15)(4, 28, 36, 22, 17, 29)(6, 24, 12, 43, 39, 38)(7, 30) 

•(8, 33, 11, 25, 19, 41)(9, 31, 18, 21, 10, 42)(14, 27, 20, 23, 35, 32)(26, 37)(34, 40). 
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(b) A22 = (p,q) has the following sei 7\L(y4. 22 ) of defining relations: 



pq 3 p 1 c 
q'^p-^q 



' 1( 1 1 P 2 Q 
p 2 q X pqp~ 

-l„-2„-l„ 



p q 



1 p 2 q x p~ 



qpq 

,-l„2„-l 



(p 



X = l, 

1, 



vi 'p ~q 'pq 'p~q 'p = (q ^p *q 



qpq p 

-1„-1„-1\5 _ 



-1, 



i„ 



1 



(c) 



L ) b = l, 

qpq"pqp ~q pqpqpqp = 1- 

^4-22 = (Pj?) /wis (up ^° isomorphism) two irreducible modules V 3 and V4 
0/ degree 10 over F = GF(2). V 3 is described by the following matrices: 



I q- 2 P 



Mp = 



1000000000\ 

0000001001 \ 

1100101001 

0111001000 

1100001000 

0100000011 

1001011000 

1001000001 

1101000001 

1101001101 



and Mq — 



(d) V 4 is described by the matrices Mp\ = Mp* = [Mp 



0010100100\ 

0010000000 \ 

0000100000 

1010010000 

0000100010 

0010001000 

0000110000 

0001110000 

0000110001 

0110110000/ 

-llT 



[Mq 



-llT 



Mq x = Mq* 



GLi (2). 



(c) dimjr[fr 2 (A 2 2, V3)] = 1 and dim F [^ 2 (A 22 , V4)] = 0. 

(f) E 3 = V 3 x A 22 = {p,q,Vi,V2,Vs,V4,v 5 ,Ve,v 8 ,v 8 ,vg,Vio) has setK(E 3 ) of 
defining relations consisting ofTZ(A 2 2), TZi(V 3 X A22) and the following 
set 7^2(^3 xi A22) of essential relations: 



1. 



' 1 V2V 3 v 4 v 7 = qv 2 q 1 V2V 7 v w = qv 3 q 1 v 2 = 1, 



v 7 v 8 = qv 5 q 



■^3 = qv 6 q 1 v 3 v 7 = qv 7 q 1 v 2 v 6 = 1, 



pvip Vi = pv 2 p V$V 9 = pv 3 p V\V2V 4 V 9 = pv 4 p V 2 V 5 V 9 
pv 5 p~ 1 viv 2 v 3 v 8 v 9 = pv e p~ 1 v 2 v 7 v$ = pv 7 p~ 1 v 1 v 5 v 8 v 9 = 1, 
pvgp -1 V1V5VSV10 — pvgp -1 V1V2V5V6 — pv w p~ 1 ViV2V§v 8 v 9 = 1, 
qviq^ 
qv 4 q~ 

gv 8 q , " 1 wiw 2 w3 = qv9q~ 1 v 3 v5 = qvwq^vrvg = 1. 

(g) £ 4 = 14 xi A 22 = (pi,gi,vi,U2,U3,«4,f5,«6,U8,W8,U9,fio) /wis set 1Z(E 4 ) 
of defining relations consisting o/7?.(A 22 ) ; 1Z 4 (V 4 x A22) and the following 
set 1Z2(V 4 x A22) of essential relations: 

Piv 1 p^ 1 v 1 v 3 v 5 v 7 v 8 v 9 v w = piv 2 Pi 1 v 3 v 4 v 5 v 6 v 9 v w = 1, 

PiW3Pr lu 4 = piv 4 pi 1 v 4 v 7 v 8 v 9 v 10 = 1, 



Pl v bP\ 1 V 3 = Pl«6Pi V = Pl«7Pi 1 W2«3W4W5W7«10 = 1, 



P1W8P1 "10 = Pi W 6 = Pl«10Pl W3"6W9^10 = 

<7l«l(7f % = Ol^gf^lO = Q , l«3Q , r 1,; l w 2«4U6UlO = 1, 



1. 



i ; 2 



9iW49i v 8 = qivsq-t viv 3 v 5 v 7 v 8 v 9 v w = qiv 6 q 1 v 4 v 7 v 8 v 9 v w = 1, 
qiwrg^ 1 ^ = giws^r^i = gi^Mf 1 ^ = qiv w q^ 1 v 9 = l - 
(h) TTie non-split extension Er, — (p2,q2,vi,V2,Vs,v 4 ,V5,V6,v 7 ,v 8 ,v 9 ,Vio) of 

A22 by V 3 has a set 1Z(E 5 ) of defining relations consisting ofTZ\{V 3 x A22) 

and the following relations: 

= q\ 2 = l, 



(P2, v 1 *) = p 2 1 v 2 p2V 7 1 v 1 q = p 2 1 v 3 p 2 v 1 1 v 2 1 v 5 1 v 7 1 w 10 1 = 1, 



P2 1 v 4 P2V 2 1 v 3 1 v 4 1 v 7 1 



P2 v 5 p 2 v 1 v 2 v 7 



1, 
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P2 1 v 6 p2V2 1 Vg = P2 1 v 7 p 2 v 1 ; 1 v 4 ; 1 v 6 1 v 1 r 1 = 1, 

P 2 ~ 1 V8P2Vi 1 V^ 1 Viq = P2 1 V 9 p 2 V i ; 1 V2 1 V 4 ; 1 ViQ = 1, 
P2 1 Vwp 2 Vi 1 V2 1 V 4 ; 1 Vj 1 Vs 1 V^ = 1, 

q^vmv^v^Va 1 = q 2 ~ 1 V2q2Vs 1 = g^ 1 ^^^ 1 = q^vmv^v^ x Vq 1 = 1, 

«2 lu 5*2U5 ^9 1 = «2 ^e^Ui" X «f 1 = 92~ V^s"^ g 1 = 1, 

q2 1 P2 2 q2 1 P2 1 q2 1 P2 2 Q2 1 P2 1 q2 1 plq2 1 P2 lv i lv 2 lv 4 1 = !) 

P2<?2 _3 ^ 1 <?2 _1 ^ 2 <?2 _1 P2'Z2P2" 1 <?2P2'72" lw r lw 2" 1 ^ 1 % ^8 = 
Q , 2~ 1 P2 2 92~V2g 2 ~ 1 P2 2 Q , 2~V2g , 2~ 1 P292~ 1 P2^ 1 ^ 1 Wf ^9 1 = 1, 

q2 1 P2 1 Q2 2 P2 1 q2 2 P2 1 q2 2 P2 1 q2 2 P2 1 q2 lv l lv 4 lv 5 lv 6 lv 7 lv 8 1 ' V 9 1 = ^ 
??2~ 1 <?2" 2 ^ 1 <?2P2 ^ X P2 1 <?2~ X P2 1 1 <?2P2 52~ ^2 1 92~ 1 

' V^V^V^V^V^V^V^Vg 1 = 1, 

92P2q , |p2g2P2" 1 ^V 2 _2 ^ 2 P2^V2 _1 ^ 2 ^ lw r lu 4 ^^^g" 1 = L 

PROOF, (a) Using Todd's permutation representation PAI22 of AI22 stated 
in Lemma 8.2.2 of [11] and the Magma command AutomorphismGroup(PM_{22}) 
we calculated the automorphism group A 2 2 = Aut(Al22) of ^22- Magma pro- 
vided eleven generators and a faithful permutation representation PA22 of degree 
44 by means of the command PermutationGroup(A_{22}). Using this permuta- 
tion representation we were able to show that PA 22 is even generated by the two 
permutations Pp,Pq G S44 given in the statement. Also it has been checked com- 
putationally that the derived subgroup A' 22 is a simple group which is isomorphic 
to AI22 and that |A 22 : A 22 \ = 2. 

(b) The given presentation of A22 = (p, q) in the above generators has been 
obtained by Magma and the faithful permutation representation of degree 44. 

(c) Decomposing the permutation module -PA22 of degree 44 into irreducible 
composition factors by means of the Meataxe Algorithm we obtained the first irre- 
ducible representation V3 of A22 over F = GF(2) as given in the statement. 

(d) The second irreducible representation V4 of A 2 2 is the dual of V3, which has 
been checked to be non- isomorphic to V3. 

(e) The cohomological dimensions di — dimj?[iJ 2 (A 2 2, V*)], i = 3,4, have been 
calculated by means of Magma using Holt's Algorithm 7.4.5 of [11], the presenta- 
tion of A22 given in (b), the faithful permutation representation PA22 constructed 
in (a) and the two irreducible representations of A22 given in (c) and (d). As a 
result of the computation, we get = 1 and d± = 0. 

(f ) and (g) . The two presentations of the split extensions E3 and E4 have been 
obtained by means of Lemma 2.2. 

(h) The presentation of the non-split extension E 5 has been obtained by means 
of Holt's Algorithm 7.4.5 of [11] implemented in Magma [8]. This completes the 
proof. 

□ 
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Lemma 2.6. Keep the notation of Lemmas 2.4 and 2.5. Then the following 
statements hold: 

(a) Each of the four split extensions E i7 i G {1, 2, 3, 4} has a faithful permu- 
tation representation of degree 1024. Its stabilizer is the complement ofVi 
in Ei, which generates Ei together with «i e V, for all 4 groups. 

(b) The non-split extension E^ = (p 2 , q2, Vi, v 2 , «3, «4, v§, v§, V7, vs, vg, v\q) = 
(^2,92) has a faithful permutation representation of degree 88 with stabi- 
lizer U = {ql,{p2ql) 2 ). 

(c) The split extension E\ of M22 by V\ has 47 conjugacy classes. The ele- 
ment z\ — {tvi) 3 represents the unique conjugacy class of 2- central invo- 
lutions ofE 1 and |C Bl Oi)| = 2 17 • 3 2 • 5. 

(d) The split extension E2 of M22 by V2 has 43 conjugacy classes. The ele- 
ment Z2 — {iv\) 2 represents the unique conjugacy class of 2- central invo- 
lutions of E 2 and \Ce 2 (z 2 )\ = 2 17 • 3 • 5. 

(c) The split extension E3 of A22 by V3 has 79 conjugacy classes. The element 
z 3 — (PQ 2 vi) 5 represents the unique conjugacy class of 2-central involu- 
tions ofE 3 and \Ce 3 (z 3 )\ = 2 18 • 3 2 • 5. 

(f) The split extension E4 of A22 by V4 has 77 conjugacy classes. The ele- 
ment Z4 = (p\q\Vi) w represents the unique conjugacy class of 2-central 
involutions of £4 and \Ce 4 {z4)\ — 2 18 • 3 • 5. 

(g) The non-split extension E§ of A22 by V3 has 79 conjugacy classes. The 
element 25 = p\ represents the unique conjugacy class of 2-central involu- 
tions ofE 5 and \Ce 5 (z 5 )\ = 2 18 • 3 2 • 5. 

PROOF, (a) The presentations of the 4 split extensions E t are given in Lem- 
mas 2.4 and 2.5. Taking their complements M22 or A22 of Vi as stabilizers Magma 
provides the faithful permutation representation PEi of Ei of degree 1024 for 
i = 1,2, 3, 4. The final assertions have been proved by means of these permutation 
representations and Magma. 

(b) The presentation of the non-split extension E§ is given in Lemma 2.4(h). Let 
U = (q 2 , (p2?2) 2 )- Using the Magma command CosetAction(E_5 ,U) we obtained 
a faithful permutation representation PE$ of E$ with stabilizer U and degree 88. 
It has been used to show that E 5 = (p 2 , (ft)- 

All remaining assertion were proved as follows. For each extension group E i} 
i E {1, 2, 3, 4, 5} we used its faithful permutation representation PEi, Magma and 
Kratzer's Algorithm 5.3.18 of [11] to determine a system of representatives of all 
conjugacy classes of Ei in terms of the given generators of the presentation of Ei. 
In view of the limited space they are not stated in this article, except for the 
given words of the 2-central involutions Zi of Ei which in each case were uniquely 
determined up to conjugation in Ei. This completes the proof. □ 

3. Construction of the 2-central involution centralizers 

In this Section we apply Algorithm 2.5 of [10] to the extension groups E 3 and E 2 
in order to construct 2 groups H 3 and H 2 which are isomorphic to the centralizers 
of a 2-central involution of the simple groups C02 and Fi 2 2, respectively. 

Proposition 3.1. Keep the notation of Lemmas 2.4 and 2.5. Let E 3 = (p, q, vi) 
be the split extension of A22 = Aut(A^22) by its simple module V3 of dimension 10 
over F — GF(2). Then the following statements hold: 
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(a) z — (pq 2 vi) 5 is a 2-central involution of E 3 = (p,q,vi) with centralizer 
D = Ce 3 (z) = (m, fj I 1 < i < 12, 1 < j < 5), where 



m 


= (p 2 qp 2 q 2 v 1 f, 


n 2 


= (p 2 qpv 1 qpv 1 qv 1 f, 


n 3 


= (v 1 qp 3 qpv 1 qp) i , 




= {pqpq 4 pqviq) 7 , 


n 5 


= (pqpviqpf, 


n 6 


= (pqp 2 q 2 vi) 6 , 


n 7 


= (pq 2 pviqp) 6 , 


n$ 


= (qpqp 2 qvi) 6 , 


ng 


= (AW) 4 , 


n 10 


= (pqpq 2 p 2 qpq) e , 


nn 


= ( P qWp)\ 




= {qp 2 q i pqpfi 


h 


= (p 3 q 2 viqpviqf, 


h 


= (q 2 pqi>iqpqpq) 7 , 


h 


= (pqp 2 q 3 viqpqf, 


h 


= (p 3 q 2 pqpviq) 7 , 


h 


1 2 3 2\2 
= (p q Viqviq ) . 







(b) D has a unique extra-special normal subgroup Q of order 512. It is gen- 
erated by the following involutions: 

qi = n 8 ni nnn 8 ni2, q 2 = n 5 n 6 n 7 ni 2l 

q 3 = n 5 n 7 n g n e , q 4 = n e n 8 n 9 n 10 , 

q 5 =n 5 , q e = n 5 n 6 n 7 , 

q 7 = n 5 n e n 7 n 8 , q$ = n 5 n 7 n 8 . 

(c) Q has a complement W in D of order \W\ = 2 9 • 3 2 • 5. The Fitting 
subgroup B = (fj | 1 < j < 5) of W is elementary abelian of order 2 5 and 
has a complement L = (sk | 1 < k < 3) = S% in W , where 

si = n 2 n 3 n 2 nin 3 n4 :1 s 2 = n\n 2 n 3 n\n 2 n 3 , and s 3 — (n 3 nin 4 ) 2 . 

(d) D = (qi, fj, Sk I 1 < i < 8, 1 < j < 5, 1 < k < 3) is a finitely presented 
group with center Z(D) = (z) of order 2, where z = (qiq%) 2 , and the 
following set Ti-(D) of defining relations: 

s l = s 2 = s 3 = 1' 

(s 2 Sl) 2 = SiS 3 S 2 _1 S ] ; 1 S 3 _1 S2 = (s 2 S 3 ) 3 = S2S 3 SlS2~ ls l S 3 = 1, 

S^ 1 SlSg" 1 SlSg" 1 S2S3 = 1, 

fi = /I = fi = /I = fi = 1, 

/rc/ir^/rc/ir^/rair^i, 
f, 1 (fM)- 1 = ffihf2h.hr 1 = .mh.hr 1 = i, 
ffihrr 1 = rrrrr 1 = rrrrr 1 = i, 
nrhhhh)- 1 = firuhur 1 = rr [knur 1 = i, 
ft (f2h.hr 1 = fnhh.hr 1 = fnh.hr 1 = i, 

[fi,.h] = [h,f 3 ] = [h,h\ = [h,h] = [h, h] = [.h, h] = [h, h] = i, 

[/3,/ 4 ] = [/3,/ 5 ] = [/4,/ 5 ] = l, 
22222222-1 

9i = I2 = 93 = <74 = % = % = <7 7 = % = 1, 

[91,92] = [91,93] = [91,94] = [91, 9e] = [91, 9s] = 1, [91,95] = [91,97] = (949s) 2 , 
[92, 93] = [92, 94] = [92, 95] = [92, 9e] = [92, 97] = 1, [92, 9s] = (949s) 2 , 
[93, 94] = [93, 9e] = [93, 97] = 1, [93, 95] = [93, 9s] = (949s) 2 , 
[94,95] = [94, 9e] = [94,97] = [94,9s] = (949s) 2 , 
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[Q5,qe] = [95,97] = [95,9s] = [96,97] = [96,9s] = [97,9s] = 1, 
9i 1 (939496979s) _1 = (949s) 2 , 9i 2 (9i92939s) _1 = 9i" (919395979s)" 1 = 1, 
9( 1 (9i9597) _1 = 9{ 2 (9i) _1 = 9( 3 (9i959697)^ 1 = qtiqi)^ 1 = 1, 
9i (91969s)" 1 = 92 1 (9i9495)~ :L = (949s) 2 , 
9| 2 (92 9495 96)^ = 92 3 (9i 929495)^ = 1, 
9 2 fl (9296r 1 = (949s) 2 , 92 2 (92r 1 = ^ (92959697)" 1 = 1, 
92 4 (929597) _1 = 92 5 (929697r 1 = (949s) 2 , 93 1 (9395979s) _1 = (949s) 2 , 
93 2 (9293969sr 1 = (949s) 2 , g^ 3 (919596979s)" 1 = 1, g^Oft^)" 1 = (949s) 2 , 
93 2 (<2 , 396r 1 = 93 s (93959s)" 1 = 1, 93 f4 (939596979s) _1 = 93 5 (9397)" 1 = (949s) 2 , 
9l 1 (92949697) _1 = 9l 2 (9i9395979s) _1 = 1, 9l 3 (919293959s)" 1 = (949s) 2 , 
9{ 1 (94969sr 1 = !, 9{ 2 (949597) _1 = gf 3 (949597)" 1 = (949s) 2 , 
94 3 (94959s)" 1 = gf 4 ^)" 1 = 1, 

9s 1 (969s)- 1 = 9 5 S2 (9597)" 1 = 1, 9s 3 (97)" 1 = (949s) 2 , ^(fls)" 1 = 1, 
9 5 /2 (95)- 1 = 9 5 /3 (95)" 1 = 9,{ 4 (95)- 1 = 9 5 /5 (95)" 1 = 1, 
96 1 (9596979s) _1 = 96 2 (9s) _1 = 9e' 3 (95979s ) _1 = (949s) 2 , 

ql 1 (96)" 1 = 1, 4 2 (96)- 1 - 4 3 {q.r 1 = qt tee)" 1 = 4 (ge)" 1 = 1, 

g? 1 ^)" 1 - 1, 9? 2 (9697)" 1 - 9? 3 (9597)" 1 = (949s) 2 , 
9 7 /l (97)- 1 = 9 7 /2 (97)- 1 = 9^ 3 (97)" 1 - 9 7 /4 (97)" 1 = 9 7 /5 (9 7 )" 1 = 1, 
9| 1 (959697) _1 = 98 2 (959s) _1 = (949s) 2 , 9s 3 (96979s)" 1 = 1, 



9 8 /4 (98)" 1 = 9 8 /5 (98)- 1 = l, 



98 /l (98)- 1 = 98 /2 (98)- 1 = 98 /3 (9s)- 1 
[(9498) 2 ,«fe] = 1 for fc = l,2,3, 
[(949s) 2 ,/,] = 1 V 1 < i < 5, 
[(949s) 2 , ft] = 1 for 1<«<8. 

(e) Di = D/Z(D) has a faithful permutation representation of degree 256 
with stabilizer W . Furthermore, V — Q/Z(D) is the unique elementary 
abelian normal subgroup V = Q/Z(D) of order 256 in D\, and D\ is a 
semidirect product ofW by V. 

(f) There is a basis B = {vi = qiZ(D) | 1 < i < 8} of V such that the three 
generators Sk of L are represented by the following matrices with respect 
toB: 



, 01000000\ 
/ 00010000 \ 



Msi = 



10100000 
11010000 
01100101 
10011101 
10110111 
10101100 



Ms 



10010000\ 
1 100000 \ 



( i 

10110000 
01000000 
01011001 
01100010 
00011010 
10110101 



and Ms$ 



/ 1111000CK 
/ 01010000 \ 
10010000 
01000000 
11110110 
00100001 
i 10101111 / 

V 10110101/ 



(g) W — (u,r,S\,S2,S3) where u = fx is the central involution of W and 
r = fih- 

(h) The subgroup S — (fj, a s , w | 1 < j < 5, 1 < s < 6) is a Sylow 2-subgroup 
of W which has a unique maximal elementary abelian normal 2-subgroup 
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A = (01,02,03,04, 0,5 = u, a&) of order 64 where 

w = (S1S2S3S2) 3 , ai = S2/3S1S3S2, a 2 = (/5S2S?) 3 , 

«3 = (si/3) 2 , a 4 = (si) 2 , a 6 = (/ 2 si) 4 . 

(i) Let MA be the subgroup o/GL 8 (2) generated by the matrices Mai, Ma 2 , 
Ma 3 , Ma 4 , Mu, Ma% of the generators of A with respect to B. Then 
NA = -/Vgl s (2) {MA) has a cyclic Sylow 7 '-subgroup generated by the ma- 
trix: 



Ms = 



/ 1 lOOOOOOx 

/ 11001001 \ 
11000100 
01010000 
00110000 
01001100 
01010111 



\ UlUlOlll/ 

V 1 1 100000/ 

(j) Let MW = (Mr, Mu, Ms\, Ms 2 , Ms 3 ) . Let MK be the subgroup o/GL 8 (2) 
generated by MW and the matrix Ms. Then MK is a simple group of 
order \MK\ = 2 9 • 3 4 • 5 • 7 which is isomorphic to Sp 6 (2). 

(k) MK is an irreducible subgroup o/GL 8 (2) generated by the five matrices 
mi = Ms, m 2 — Mr, 7773 — Ms\, 7774 = Ms 2 and 7775 — MS3 of respective 
orders 7, 2, A, 5, and 3. With respect to this set of generators MK has 
the following set 1Z(K) of defining relations: 

m\ = m 2 ~ m\ = m\ = m\ = 1, 
m 2 m^ 1 m^ 1 m 2 m-i,rni = (m^m^ 1 ) 2 = 1, 
771377157714 1 mJ 1 m^" 1 m4 = (mg^mj 1 ) 3 = 1, 

(m^ 1 777 2 ) 4 = (?772?77 3 ~ 1 ) 4 = 1, (777 2 777 3 7772777^ 1 ) 2 = 1, 

m,^ 1 1 7774 m^m^m^ 2 = 1, 
77i2 7713 m^" 1 m^ 1 7772 7773 7775 m^ 1 = 1, 

7774777^ 1 77747773777l7774 1 77737774 = 1, 
7774 1 7773 777^ 1 1 7773 777^ 1 7774 777 5 = 1, 

[7775, mf 1 , 7775] = 1, (m^ 2 m 2 ) 3 = 1, 

m5m3mim2777j~ 1 777 5 " 1 7772777 5 " 1 7774 1 = 1, 

(777 3 ~ 1 777j" 1 7772) 3 = 1, (t773777^ 1 777 2 ) 3 = 1, 

-1 -1 -2 i 

777l777 3 77727773777]^ 7774 m 3 m 5 = 1) 

777^ 1 77737772777 3 7773777 2 777 3 _1 = 1, 

7772777l7773777]7772777l7772777 3 _1 = 1. 

(1) Let K be the finitely presented group constructed in (k). Then V is an irre- 
ducible ^-dimensional representation of K over F = GF(2). Furthermore, 
K has a faithful permutation representation PK of degree 63. 
(m) Let H\ = (m,i,Vj 1 1 < i < 5, 1 < j < 8) be the split extension of K 
by V . Then Hi has a set IZ(Hi) of defining relations consisting oflZ(K), 
7ii(V xi K) and the following set 1Z 2 (V x K) of essential relations: 

miVim^wjVz = miv 2 m^ 1 vi = miV3ini v 2 Vs = miViirii V3 = 1, 

miV^m^ViVs = miv e m^ 1 v 5 v s = miVjm^Ve = mi 7^777^7^ = 1, 

777 2 7;i777 2 " 1 7J47J57; 6 = m^m^ 1 VlV 2 V 3 V4V 7 V 8 = m^sm^ 1 V 5 V e V 7 V S = 1, 
7772t>4777 2 " 1 7J37;47;5T; 6 7J7T; 8 = 777 2 7J5777 2 ' 1 7J 1 7;47; 6 = 777 2 7; 6 ?77 2 ~ 1 7;37J57;77; 8 = 1, 
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m2V7m.2 1 ViV4V5VQV7 — m 2 V 8 m2 V 8 = 1, 

m 3 vim 3 viV2V 7 v 8 — m 3 v 2 m 3 v\v 3 v 4 v§v 7 = m 3 v 3 m 3 viv 2 v 3 = 1, 
mzVim^ 1 viv^v^vqV'j = m 3 v 5 m 3 ~ 1 V2V 3 v 4 — m^em^ 1 viv 3 V4 = 1, 
m 3 v 7 m 3 ~ 1 v 1 v 3 v 5 = m^m^Vf, = 1, 

m 4 vim 4 1 viv 2 v 5 v 7 — m 4 V2m 4 1 viV 3 v 7 v 8 = m 4 v 3 m 4 1 v 4 VQV 7 v 8 = 1, 
m 4 v 4 m 4 1 viv 3 v i v 5 v 6 v 7 v 8 = m 4 v 5 m 4 1 viv 2 v 3 v 6 = m 4 v e m 4 1 v 4 v 5 v 8 = 1, 
m i v 7 m^ 1 viV2V6V 8 = m 4 v 8 m 4 ~ 1 v 3 v 4 v 5 v 7 = 1, 

m^vim^^-viv^vg, = m 5 V2'm^ 1 viv 3 v 8 — m 5 v 3 m^ 1 V2V 4 v 5 V6V 7 v 8 = 1, 
m 5 v 4 m^ 1 v 1 v 3 v 5 v 6 v 7 v 8 = m 5 v 5 m^ 1 v 1 v e = ■m 5 v 6 m^ 1 v 4 v 5 v 6 v 8 = 1, 
m 5 v 7 m^ 1 viV2V 6 v 7 v 8 = m 5 v 8 m^ 1 v 3 v 5 v 6 v 7 v 8 = 1. 

(n) dimp [H 2 (H i , F)] = 2 and there exists a unique central extension H of Hi 
whose Sylow 2-subgroups are isomorphic to the ones of D = Ce 3 {z). H 
is a split extension of K by its Fitting subgroup Q and H is isomorphic 
to the finitely presented group H = {hi | 1 < i < 14) with the following set 
71(H) of defining relations: 

h\ = h\ = h% = h\ = h 3 = h 2 6 = h 2 = h 2 10 = h\ 3 = h\ 4 = 1, 
h 2 = h 2 = h 2 n = h 2 2 = h 14 , [h x ,h u ] = 1, 

[h 2 ,h 14 ] = [h 3 ,h 14 ] = [h 4 ,h 14 ] = [h 5 ,h 14 ] = [h e ,h 14 ] = [h 7 ,h 14 ] = 1, 
[h 8 ,hi 4 ] = [h 9 ,hi 4 ] = [h w ,h 14 ] = [hu,h 14 ] = [hi 2 ,h 14 ] = [hi 3 ,h 14 ] = 1, 
h 2 h 4 1 h 3 1 h2h 3 h 4 — (h^h^ 1 ) 2 = h 3 h^ > h 4 1 h^ 1 h^ ) 1 h 4 = 1, 
(h- 1 ^ 1 ) 3 = (h- 1 h 2 ) i = (W 1 ) 4 - (h 2 h 3 h 2 h 3 1 ) 2 = 1, 
h^h^h^^h^h^ 2 = h 2 h 3 h^ 1 h 3 ~ 1 h2h 3 h5h 3 ~ 1 = 1, 
h 4 K{ 1 h 4 h 3 h\Kl 1 h 3 h 4 = h^h^^h^h^^hih^ = 1, 
[h5,hi\h 5 ] = {h^ 2 h 2 f = h 5 h 3 h 1 h 2 h^ 1 h^ 1 h 2 h^ 1 h 4 1 = 1, 
(h 3 T 1 hi 1 h 2 ) 3 = {h 3 h^h 2 f = h 1 h^ 1 h 2 h 3 h^ 1 h 4 2 h 3 h 5 = 1, 
h^h^hl^hjh^ 1 = h 2 h 1 h 3 h 3 1 h 2 h 1 h 2 h^ 1 = 1, 
hih^h^ 1 h\2h\ 3 = h\h 7 hi l h§ = h\h 8 h^ 1 h 7 hi 3 = 1, 
hihgh^ 1 h 8 hi 4 — hihioh^[ 1 hghi 3 — h\h\\fc[ hiohi 3 = 1, 
hih^h^huh^ = hihi 3 h^hi 3 = h 2 h & h 2 1 hc,h w hn = 1, 
h 2 h 7 h2 1 h e h 7 h 8 h 9 hi2hi 3 hi 4 = h 2 h 8 h 2 ~ 1 h w hnhi 2 hi 3 = 1, 
h 2 hgh2 1 h 8 hghiohnhi2hi 3 = h 2 hioh 2 hghghn = 1, 
h2h\\h 2 1 h 8 hioh\2hi 3 = h2h^h 2 1 ft.6^9^io^n^i2^i4 = 1, 
h 2 h 13 h 2 ~ 1 hi 3 = h 3 h< & K z 1 h< i h 7 hx2h\ 3 hx 4 = 1, 
h^'jhQ 1 heh 8 hghi()hi2hi 4 = h 3 h 8 h^ x h§h 7 h 8 h\ 4 = 1, 
h 3 h 9 h 3 1 h e hgh w hnhi2 = h^wh^h-jh^ = 1, 
hshnh^hfjhshg = h 3 h 12 h^ h 6 h 8 h 10 h 14 = 1, 
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hzhizh^hiz = hihQh^hQh-jhwh^ = 1, 

h4h 7 hj 1 heh 8 hi 2 h 13 = hih%h± hgh\\h\ 2 h\ 3 hu = 1, 

hihgh A 1 hehshghiohnh^his = /14/110/I4 1 heh 7 h 8 huhi4, = 1, 

/14/111/14 1 hgh w h 13 h li = h i h 12 h 4 1 h e ,h 7 h 1 ih 13 = 1, 

hihish^ 1 hghghioh^hn = h^h^h^ 1 h^hghi^hu = 1, 

h 5 h 7 h^ 1 h e h 8 h 13 = h 5 h 8 h^ 1 h 7 hgh w h 11 h 12 h 13 h 14 = 1, 

h 5 hgh~ 1 h e h 8 h w h 11 h 12 h 13 = h 5 h w h~ 1 h e h 11 = 1, 

h^nh^hgh^hnh^h^ = h b h 12 h~ l h 6 h 7 h n h 12 h 13 h 14 = 1, 

h^h^h^hQhwhuh^h^ = h^ 1 h^ 1 h 6 h 7 hi A = 1, 

hg 1 h s ~ 1 h 6 h s hi 4 = h^ 1 hg 1 h e hghu = [h 6 ,h w ] = 1, 

/ig 1 /if 1 1 /i 6 /in/ii4 = [^6,^12] = h^h^hehuhu = 1, 

[/i7,/is] = h 7 hg h 7 hghu = [h 7 ,hio] = h 7 K^yh 7 h\\h\i = 1, 

^7 ^h-y 2 h 7 h\ 2 h\ 4 — /ly ^h^h 7 h\ 3 h\ 4 = 1, 

^8 ^9 1 h 8 hghi4 = h s 1 h 1 Qh 8 hiohi4 = [h 8 , fin] = 1, 

[/i 8 , /112] = h^h^hshishu = [hg, h w ] = [hg, hn] = [hg, h 12 ] = 1, 

^9 1 hghi 3 hi4 — [h w ,hii] = h^ 2 hiohi 2 hu = 1, 

hig h 13 hiohi 3 hn — /i n ft, 12 1 h\\h\ 2 h\/± = 1, 

^11 h 13 hnhizhi^ = h 12 h 13 hi 2 hi 3 hi4, = 1- 

PROOF, (a) By Lemma 2.6 the split extension £3 = V3 x A 22 = (p,q,vi) 
has a unique conjugacy class of involutions of highest defect. It is represented by 
2 = (p<7 2 ui) 5 and its centralizcr £> = Ce 3 (z) has order 2 18 • 3 2 • 5. 

Using the faithful permutation representation of E 3 with stabilizer ^22 and 
MAGMA it has been checked that D has a unique normal subgroup Q of order 512 
with center Z(Q) = (z). Furthermore, Q is extra-special and it has a complement 
W of order 2 9 • 3 2 • 5. Another application of Magma yields that the Fitting 
subgroup B of W is elementary abelian of order 2 5 , and that B has a complement 
L = S§ in W . Using then a stand alone program written by the first author we 
found the generators of the subgroups B — (fj | 1 < j < 5, L = (n; | 1 < I < 4) 
and Q = (m I 5 < I < 12) of D. Hence (a) holds. 

(b) Since Q is extra-special of order 2 9 and its center Z(Q) = Z(D) = (z) we 
determined by means of Magma eight involutions qi generating Q. Using the stand 
alone program mentioned before the words in the generators n; of Q of the eight 
involutions were calculated. Since their residue classes generate the elementary 
abelian normal subgroup V = Q/Z(Q) of D\ = D/Z(Q) we obtained the following 
set 1Z(Q) of defining relations of Q = (qi | 1 < i < 8): 



222222221 
Qi = 9 2 = 9s = 9 4 = 9 5 = % = Q7 = 9 8 = !> 



[91,92] = [91,93] = [91,94] = [91, 9e] = [91, 9s] = 1, 
[92,93] = [92,94] = [92,95] = [92, 9e] = [92,97] = 1, 
[93, 94] = [93, 9e] = [93, 97] = 1, [93, 95] = [93, 9s] 



z 



[91,95] = [91,97] = z, 
[92,9s] = z, 



16 



HYUN KYU KIM AND GERHARD O. MICHLER 



[94, 95] = [94, 9e] = [94, 97] = [94, qs] = z, 

[q5,qe] = [95,97] = [95,9s] = [96,97] = [96,9s] = [97,9s] = 1. 

In particular, z = (949s) 2 , hence (b) holds. 

(c) Another application of Magma and the permutation representation PE3 
yields that the permutation group PL of the complement L — (rik \ 1 < k < 4) can 
be generated by the three elements s\, S2 and S3. For these generators Si Magma 
provided the following set 1Z(L) of defining relations: 



Using Magma again it has been checked that L = Sq. Thus (c) holds. 

(d) Since the elementary abelian subgroup B is normal in the semidirect prod- 
uct W of L by B the presentation of W — (fj, Sk) can easily be calculated by means 
of TZ(L) and the conjugation action of the Sk € L on B. Hence W has a defining 
set 1Z(W) of relations consisting of TZ(L) and the following relations: 



fi — fi — / 3 — fi — /5 — 

ftifihh)- 1 = ffihhhhr 1 = fiHfshr 1 = 1, 
/s'Ws)" 1 = fTihhY 1 = /sWs)" 1 = 1, 
ftihhhh)- 1 = fTihhhr 1 = fTUihhr 1 = i, 

n i {f2.hh)- 1 = fru2.hu)- 1 = ftihhr 1 = 1, 

[A, / 2 ] - [A, / 3 ] - [A, / 4 ] = [/1, M = [/ 2 , / 3 ] - L/2,/4] - [.ft, / 5 ] = 1, 

[/3, A] = [/3, /5] = [/4, /s] = 1- 



As Q is normal in the semidirect product D of W by Q the conjugate action of the 
/j and Sk on Q provides the following set 1Z(Q) of relations: 



9i 1 (<?39496979s) 1 = 2, 9i 2 (9i92939s) 1 = 9i' 3 (9i 9395979s) 1 = 1, 

91 1 (919597)^ = 9f 2 (9i) _1 = 9i 3 (9i959697r 1 - 9i' 4 (9i)" 1 = 1, 

9i 5 (91969s)" 1 = 92 1 (9i9495) _1 = (949s) 2 , 

9? (92 94 95 96 r 1 = 92 3 (9i929495) _1 = 1, 

9 2 (929e) _1 = (949s) 2 , g^fe)" 1 = 92 3 (92959697)" 1 = 1, 

9 2 /4 (929597)- 1 = 9 2 /5 (929697)- 1 = z, 93 1 te95979s)- 1 = 2, 

93 2 fe93969s) _1 = (949s) 2 , 93 3 (919596979s)" 1 = 1, 9^ (9397)" 1 = 2, 

93 2 ('?396r 1 = 93 3 (93959s)" 1 = 1, 93 4 (939596979s)" 1 = 9 3 f5 (9397)" 1 = (949s) 2 , 

9l 1 (92949697)" 1 = q'T (919395979s)" 1 = 1, 9? (919293959s)" 1 = 2, 

94 1 (94969s)" 1 = 1, 94 2 (949597)" 1 = 94 5 (949597)" 1 = 2, 

94 3 (94959s)" 1 = 94 4 (94)" 1 = 1, 

€ (969s)" 1 = 9s 2 (9597)" 1 = 1, 9s 3 (97)" 1 - (949s) 2 , 9 5 /l (95)" 1 = 1, 
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qtiqs)- 1 = qtiqs)- 1 = qt (q^ 1 = qt te)' 1 = 1, 

Qe 1 (9596975s)" 1 = g^fer 1 = O^teOrOs)' 1 = z, 

g* (ge)" 1 = 1, gf (ge)- 1 = (ge)- 1 = qt (ge)" 1 - ot fee)" 1 = 1, 

g? 1 ^)" 1 - 1, q^(q^)- 1 = q? ((fe^)" 1 = Ms) 2 , 

9 7 /l (97)- 1 = 9 7 /2 (97)- 1 = 9 7 /3 (97)- 1 = 9 7 /4 (97)^ = ^(St)" 1 = 1, 

^OsfcQ^) -1 = ^(o^s) -1 = (<?4gs) 2 , ^(ft^s) -1 = 1, 

otter 1 = otter 1 = otter 1 = otter 1 = otter 1 = 1. 

Since z generates the center Z(D) of D, the additional relations of the set TZ(D) 
of defining relations of D given in (d) are clear by the proof of (b). Using Magma 
again we have checked that this is a presentation of D. 

(e) All the statements follow immediately from the presentation of D given 
in (d). 

(f ) From (c) and (d) follows that the Fitting subgroup B of W has order 2 5 and 
a complement L — (s\, s 2 , S3) = Sq in W. Hence W is isomorphic to the centralizer 
H(Sp 6 (2)) of a 2-central involution of Sp 6 (2) by Proposition 8.6.5 of [11]. Thus 
we may apply Algorithm 7.4.8 of [11] to construct a simple overgroup K of W 
such that \K : W\ is odd and K normalizes V. For that we choose the basis 
B = {vi = qiZ(Q) I 1 < i < 8} of V. With respect to B the conjugate action of the 
Sk on V is described by the three matrices Msk of the statement. 

(g) From the presentation of D follows that u — f\ is an involution of Z(W). 
Another application of Magma yields that W — (u, r, y\, y 2 , 2/3) for r = f2.fi an d 
that the conjugate actions of r and u on V have the following matrices with respect 
toB: 



Mu — 



lOOOOOOOx 
01000000 \ 
00100000 
00010000 
1000 1000 
01010100 
10100010 
0001000 



and Mr ■ 



V 



10000000\ 
1000000 \ 
00100000 
000 10000 
01111000 
00000100 
01110010 
00100001 



(h) Using the faithful permutation representation PD\ of D\ given in (e) and 
Magma we find the generators of the given Sylow 2-subgroup S of W. It has a 
unique maximal elementary abelian normal subgroup A — (ai,a 2 , as, 04, a 5 = u, a 6 ) 
of order 64. Its generators a* are represented by the following matrices with respect 
toB: 



Ma! = 



Mai 



lOOOOOOOx 
01000000 \ 
10110000 
00010000 
0000 1000 
00000100 

0000 10 11 
00000001- 

00010000\ 

1 10 10000 \ 
11100000 
10000000 
1000000 1 
11000100 
10110110 / 

00011000/ 



Ma 2 = 



and MaQ — 



000 10000\ 
01000000 \ 
01100000 
10000000 
0000000 1 
00001101 
00001110 



1 1 u / 

000/ 



00001 

/ 10000000\ 
/ 01000000 \ 
00100000 
000 10000 
10011000 
00000100 
11000010 / 

10010001/ 



Ma 3 



00010000\ 
1 1010000 \ 
11100000 
10000000 
0000000 1 
00000 100 
00000 110 
0000 1" " 



1 1 u / 

000/ 



Observe that the map ip: Px — ► Mx sending the permutation Px of PD\ to its 
matrix Mx with respect to the basis B yields an anti-epimorphism from PD\ onto 
MW = (Mr, Mu, Ms u Ms 2 , Ms 3 ) < GL 8 (2) with kernel PV. 

(i) MA = (Mai, Ma,2, Md3, Mat, Mas = Mu,Ma 6 ) is an elementary abelian 
subgroup of T = GL§(2) of order 2 6 . In view of Proposition 8.6.5(i) of [11] we 
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now calculate NA = Nr(MA). The matrix Ms of the statement generates a Sylow 
7-subgroup of order 7 of NA. 

(j) Let MK = (MW, Ms). Then an application of Magma yields that MU = 
NA n MK = Nmk(MA) has order 2 9 • 3 • 7. It is a split extension of GL 3 (2) by MA. 
Furthermore, MK = (MW, MU) is isomorphic to the simple group Sp 6 (2). 

(k) The group MK has a faithful permutation representation of degree 63 with 
stabilizer MW. Using it and Magma the set TZ{K) of the defining relations of K = 
(mi, m 2 , 7713, m 4, m 5) has been calculated where mi = Ms, m 2 = Mr, m 3 = Ms\, 
7714 = My a and 7715 = Ms^. 

(1) By (k) and (j), K has an irreducible 8-dimensional matrix representation V. 
The given presentation of the split extension H\ = V x K has been calculated by 
means of Magma using the presentation of K given in (k). 

(m) Assertion (c) implies that D\ = D/Z(D) splits over V = Q/Z(D) with 
complement W. By Algorithm 2.5 of [10] the centralizer H = Cq(z) of z in the (at 
this time unknown) target simple group G must have odd index \H : D\ = \K : W\. 
Therefore Theorem 1.4.15 of [11] implies that H is a central extension of Hi by a 
cyclic subgroup Z(H) = (z) having a normal subgroup Q containing z such that 
V = Q/Z(H) has a complement in H/Z(H) isomorphic to K. 

By construction H\ = (mi, m-i, 7773, 771,4, 7775, v\, t>2, 773, V4, v$, vq, 177, ug) has a 
faithful permutation representation PHi of degree 256 with stabilizer K. Let FPHi 
be the presentation of Hi given in (m). Then we can apply Holt's Algorithm imple- 
mented in Magma [8] to the trivial matrix representation of Hi over F = GF(2). 
It yields that the second cohomological dimension dimp[H 2 (Hi, F)] = 2. Thus 
there are three non-split central extensions £0,1, £-1,0 > E\ t \ of H\. As D does not 
split over Z(D) H can only be isomorphic to a non-split extension. 

Let THi := GModule (PH_1 , FEalg) be the trivial module of the matrix algebra 
FEalg generated by the thirteen identity matrices corresponding to the thirteen 
generators of Hi . Using the Magma command 



we construct a presentation for each of the three non-split central extensions 



corresponding to the three linearly independent 2-cocycles [a, b] e F 2 . Each of these 
three presentations has 14 generators where the 14th generator corresponds to the 
new central element z. The first five generators correspond to mi, 7772, 7773, 7774, 7775 
in the factor group H\. Taking the corresponding generators in E\ t o as the sta- 
bilizer of a permutation representation PEi q of Ei$ it follows by another appli- 
cation of Magma that PE\$ is a faithful permutation of Ei^ of degree 512, and 
that Ei >0 has an extra-special normal subgroup Q of order 2 9 with complement 
K = (mi,m2,m^,m4 : ,m^). We also have checked that the Sylow 2-subgroups of 
£1,0 and D are isomorphic, and that this is not the case for the the two other 
extensions £0,1 and £14. Therefore only Ei fl can be isomorphic to the centralizer 
H = Cg{z). The presentation of E\$ is given in the statement. This completes 
the proof. □ 



P_H : =ExtensionProcess (PH_1 ,TH_1 ,FPH_1) 



£0,1 

£1,0 
£1,1 



Extension (P_H, [0,1]), 
Extension(P_H, [1,0]), and 
Extension(P_H, [1,1]), 
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Lemma 3.2. Keep the notation of Lemmas 2.4, 2.5 and Proposition 3.1. Let 
H = (hi 1 1 < i < 14) be the finitely presented group constructed in Proposition 3.1. 
Then the following statements hold: 

(a) H has a faithful permutation representation of degree 512 with stabilizer 
(hi, h^. 

(b) Each Sylow 2- subgroup S of H has a unique maximal elementary abelian 
normal subgroup A of order 2 10 and Njj(A) = D = Ce 3 (z). 

(c) There is a Sylow 2-subgroup S such that D = Nh(A) = (x,y), where 
x — hih\§h\ and y ~ /19/114/115 have orders 12 and 6, respectively. Fur- 
thermore, H ~ (x,y, h) where h — hi has order 7. 

(d) The Goldschmidt index of the amalgam H <— D — > E 3 is 2. 

(e) A system of representatives ri of the 100 conjugacy classes of H and the 
corresponding centralizers orders |Cjj(rj)| are given in Table A.l. 

(f) A system of representatives d\ of the 148 conjugacy classes of D and the 
corresponding centralizers orders |Cx)(dj)| are given in Table A. 2. 

(g) Let a : Njj(A) — > D = Ce 3 (z) be the isomorphism given in (b). Then 
there is an element e £ E 3 of order 4 such that E 3 — (a(D),e). A 
system of representatives ej of the 79 conjugacy classes of E$ and the 
corresponding centralizers orders \CE 3 (ei)\ are given in Table A. 3. 

(h) The character tables of H, D and E% are given in Tables B.l, B.2, 
and B.3, respectively. 

PROOF, (a) This assertion follows at once from Proposition 3.1(n). 

In particular, H has a faithful permutation representation PH of degree 512. 
Using it and Magma it is straightforward to verify statements (b) and (c) . 

(d) The Goldschmidt index has been calculated by means of Kratzer's Algo- 
rithm 7.1.10 of [11]. 

The systems of representatives of the conjugacy classes of H and D have been 
calculated by means of PH, Magma and Kratzer's Algorithm 5.3.18 of [11]. 

(g) It has been checked with Magma that e = p satisfies E 3 = (cr(D), e). 

The character tables mentioned in (h) have been calculated by means of PH 
and Magma. □ 

PROPOSITION 3.3. Keep the notation of Lemma 2.4- Let 

E 2 = (a,b,c,d,t,g,h,i,vi) 

be the split extension of M.22 by its simple module V2 of dimension 10 over F — 
GF(2). Then the following statements hold: 

(a) z = (ivi) 2 is a 2-central involution of Ei with centralizer D — Ce 2 ( z )- 

(b) D is a finitely presented group D = (yi \ 1 < i < 11) having the following 
set 71(D) of defining relations: 

vl = vl = vi = vl = v 2 i = vl = yl = Vii = (j/52/9) 2 = (2/5j/ii) 2 = (j/gj/n) 2 = 1, 

yiiy3ymyioy3ymywy9 1 yio 1 y4 1 y5 1 y3 1 yw 1 y4 1 y5 1 y3 1 y5 = i, 
yiiywy4 1 y5 1 y3 1 yio~y4 1 y5 1 y3 1 y9 1 y5 1 y3y5y4yioy3y5y4yio = 1, 
ywy^ 1 ywy4 1 y5 1 y3 1 y^y3yhy4 = 2/112/33/52/43/102/9 ^io 1 ^ 1 ^ 1 Vs 1 ysw = ^ 
yiiy w 1 yl 1 y5 1 y3 1 y5 1 y3y5y4yw = (2/102/33/52/4) 3 = 2/924 = y^y^y^y^ = 1, 

2/ii2/4~ 1 2/ii2/42/5 = 2/ii2/32/52/42/io2/4~ 1 2/32/52/42/io2/4~ 1 J/9 = 1, 
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ywy^Vwy^y^y^y^y^yhyAywymybyA = l, 
yiiyiyhyiywyzybyiywy^ywy^y^y^y-iyv = 
yiiywy^ywyiiy^ysyvyzysymoyzybyiywy^ywy^y^ 1 = ^ 
ynywy^ywyiiy^ysyzysyiywy^yz = i, 
yiWwyiiVs ^yiVwVi x y$ 1 y3 1 yiiy9 1 V5 1 y3yimo = 1, 
yiiy^y^y^ywy^y^y^ywyiiv^y^y^y^y^ywyzyhyAywyz = 1, 
2/1 1 yj 1 % 1 % 1 ^yfo 1 yl" 1 % 1 % 1 y ii 1 % 1 y fo 1 yfi 1 % 1 

■ysyzysyiywyzysyiywy^ya = l, 
ynywyzynywyby^yz = ynywyzysysywybyzysyiywy^ywy^ys 1 = 
yiiyzysymoyzyhyAywy^yzyhywy^y^y^ywy^y^y^y^y^ys = ^ 
yiiy^ywy^y^y^y^y^ywViiy^yiiy^y^ysyl = i, 
yiiywy^y^ywViiy^y^y^y^y^ = 
yny^y^ywyiiVsyiywy-iyiiyzysyv = {y^y^f = !> 
yiiy^yhyAywy^y^ybyAywy^ybyiyzyby^y^y^yb = h 
y9y3y5y4 1 y2V3 1 y2 1 y5 = y^yiy^y^. 1 = y^yiy^y^ 1 = h 
yw^y^yz = ywy^y^y^vwyi = yny^yuy^y^yi = ^ 
y9y2ymyiy2 1 yi 1 y2 1 yi 1 y5 = yvy^ymyiy^y^y^y^y^y?, = l, 
y9y4 1 ymyiyi 1 yi 1 y2 1 yi 1 y5 = ysy^yiy^y^y^Vi 1 = l, 
ysy^y^y^y^ymyt = ywy^y^y^y^y^ywy^y^yi = i, 
y ny i 1 y 2 1 y i 1 y ii y^y^y^y i = y^ymylyiyiys = ygyiy^y^y^yf 1 = l, 
yny^yiy^y^yvyimyv = [yjSyi] = ygyiy^yf 1 = y^y^y^yi = l, 
yioyrVyioyi = yuy^yuy^yi = yvyiy^y^yiys = y^yi 2 = l, 
yiiyiyiyayzynywyiy^y^yl 1 y^ % 1 % 1 yf 1 y fo 1 yfi 1 y^ 1 ye 1 ys ygyi i y ? = 1 i 
ynywy^y^yiy&yzyiiywyiy^y^y^y^yAy^ywyl 1 

■yuy^y^ywyuy^ye 1 = 
yiiywyiyiywyiy^y^ywyiiy^y^ysyvyiiywysy?, = i, 
yiiy^ywysyiyeyayiiywyry^y^ywy^y^ywyiiy^yG^v = h 
yiiyzyiy9ywyl 1 yQyzyiiywy7yl 1 ywy9 1 ys 1 yiiy9 1 yb 1 y7 1 ywyiiy3 1 y& 1 = 
y^y^ywysy^ywyiiy^y^y^ywy^yiiy^yGymmm = i, 
yny^yioyny^y^yuy^yeysynyioyryg = l, 
yny wyiy w yey^yuy wyiysysy w y^ywysys = i, 
yiiy^y^yiy&yzyiiyi^yzywysyzyiiywyiyAy^ywyiiy^y^yhyzy-i = i, 
yiiyimyA 1 y2 1 yi 1 ywyiiy^ 1 y^ 1 y^ywy^ywyiy2yly&y?,yiiywy7y9yGyz = l, 
yiiy3yiiyioy6y3yiiyioy7y5y6y3ynyioy7y9 1 y 4 ~ 1 yf 1 yro 1 yri 1 y3" 1 y6~ 1 y9 = !> 
ynl^y^y^y^y^yl 1 = vsyevh^ys = y^y^y^y^y^ 1 = l, 
ysy^Ve 1 y5 _1 yey2 = y^y^y^yiiy^y^y^ = i, 
y 1 1 ywyiyzy^ 1 y & 1 yT 1 yf 1 ylo 1 y n 1 ^ 1 ye 1 y f 1 y2~ 1 y r 1 y^ 1 yJ 1 y fo 1 yT 1 

•y^ 1 y6y2y5y3y4yr 1 yey3 = l, 
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yny4ywy2yiy2yiy6y3ynyioy7y2y3y 2 1 y& x Vwy 7 1 y w 1 yii 1 y 3 1 y& 1 Vi 1 Vi x y\ ^9 1 
■ywy^y^ysyv = 1, 

yuywyry^Vfi ^^y^ywyiiv^ve 1 yi 2 y 2 1 yi 1 y2 1 
■y^ywyiiy^y^y^yeyiysymmoysyiy^ylyGyi = 1, 

yiiywyiyiysy^y^y^y^y^ywy^ywy^y^yzymyiysy?, = 1, 
2/ny3y4yioy42/2i/iy2j/iy6i/3yiiyioj/7j/3y42/62/2yr 1 % 1 2/9 ^10 

■y^y^y^y^ysyv = 
yiiysyiiywy^ywy^ywy 11 y^y^y^y^ywyiiv^y&yz = 1, 
y iiy wy^y^y wy^y^y 11 y^y^y^y^ywv^y^y^yl 1 = 1, 
(yeyf) 2 = y^yiy^yiy^yiy^y^yl 1 = 1, 
yiiyzyhy2yiy2yly&yzynywy7y2y&y2y4ywy&y2ywy2 1 y& 1 y^ = l, 
yimoy7y2yioy6yhioyey2y5 1 y3 1 y2 1 y6 1 y5y9y4yioy9y2yey3 = i- 

(c) D /ias a faithful permutation representation PD of degree 1024 wi£/i sia- 

6ifeer E/ = (2/1,3/4,2/10)- 

(d) D /ias a unique normal nonabelian subgroup Q of order 1024 urai/i center 
Z(Q) = (zi,z 2 ) of order 4, where Z\ = 2/92/12/22/12/2, ^ 2 = 2/92/H2/42/1- Lur- 
thermore, Q has a complement W in D of order \ W\ — 2 7 • 3 • 5, w/iere 
W = (u>i, u>2, 103) and 

»i = y\iywyi 1 yiyeywy&ywy&y2, 
u>2 = yiiywyiysywyiy&ywyr, and 
u>3 = ynywyzyAyiy&ywyAy&ywyi- 

(c) Lef a : Z) — > Di = D/Z(Q) be the canonical epimorphism with kernel 
ker(a) = Z(Q). Let F = a(Q) and let u t = a( yi ) e L>i /ori = 1,2, ...,11. 
T/ien V is an elementary abelian normal subgroup of order 2 8 0/-D1 having 
a complement W\ = (fci,fc 2 ,fc 3 ) = w/iere fcj = a(tOj) /or j = 1,2,3. 
Furthermore, D\ has a faithful permutation representation of degree 256 
w«i/i stabilizer W\, and V = (qi | 1 < Z < 8), where 



9i 



92 = M3MIIW4M1U7W3, 



g 3 = M9M7, 



(74 = UllUlM 6 U 4 , 



g 5 = M 9 UiiM3M 5 UiU 7 Ui U8W3W6, 



g 6 = W9U11W3W11U10U1M6W3U1 W3M7, 
g 7 = U5U11W3M9U11W4 1 u 6 u 3 u 8 uf 1 u 7 , 
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UgU 3 U 4 1 UiU 6 U 3 U 8 U 1 qU 7 Ui. 



(f) TTie conjugate action of the three generators kj of W\ on V with respect 
to the basis B = {qi | 1 < I < 8} of V is given by the following matrices: 



Mfci = 



/ llOOOOOOx 

/ 01000000 \ 
00110000 
00010000 
00000010 
01001111 
00001000 
00000001 



10100000\ 
1 1 1 10000 \ 
11010000 
10010000 
1000 100 
00010011 
01001011 
10100010 



and Mks 



llOOOOOOx 

10000000 \ 

10110000 

11100000 

10000100 

01001100 

00001011 

10000110 
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(g) The Fitting subgroup A of W\ is elementary abelian of order 16 and 
generated by a\ = kik 3 k 2 k\k 2 , a 2 = fefcffefcf, °3 = k2k,ik 2 k\k 3 , and 
a 4 = kik 3 k 2 k 3 k 2 k 4 k 2 . It has a complement L = (k\,k 2 ) in W\ which is 
isomorphic to the symmetric group S5. 

(h) The Fitting subgroup A is a maximal elementary abelian normal sub- 
group of the Sylow 2-subgroup S = (A,k\,r) of W\ with center Z(S) = 
(u), where r — k 2 k 4 k 3 k 2 kik 2 k 3 and u — ki(k 3 k 2 ) 2 kik 2 . The central- 
izer Cwi{u) of u has order 2 7 • 3. It is generated by S and the element 
d=(k 1 k 2 f{k 2 k 1 ) 2 of order 3. 

(i) Let MW\ be the subgroup o/GL 8 (2) generated by the matrices of the con- 
jugate action of the generators ofW\ on V with respect to the basis B. Let 
Mai, Mu and Md be the corresponding matrix of ai, u and d, respectively. 
Let MX = C GL8 (2)(Mu)nC GL8 ( 2 )(Md). Then MX has an abelian Sylow 
2-subgroup MT of order 3 3 and MT contains the matrix 

, 01000000\ 
/ 11000000 \ 
11010001 

Mr- 10 110 111 

Mx - 00011100 
01101000 
I 1 1 11 1000 / 

\ 01110000/ 

of order 3 such that MC = (C MWl (Mu), Mx) has order \MC\ = 2 7 • 3 2 . 
(j) Let MK = (MC,MW X ). Then the derived subgroup MK' of MK is a 

simple group of order \MK'\ = 2 6 • 3 4 • 5, which is isomorphic to the 

unitary group U 4 (2). 
(k) MK is an irreducible subgroup o/GL 8 (2) generated by the matrices mi = 

Mk\, m 2 = Mk 2 , m 3 = Mk 3 , m 4 = Mx of respective orders 2, 5, 3 ; 

and 3. With respect to this set of generators MK has the following set 

1Z(K) of defining relations: 

m\=m 2 =m 3 = m\ = 1, [1113, m 4 ] = 1, m 3 1 m 2 ™i"i^ 1 ™3"ii = 1, 
(m^mi) 4 = 1, m 3 1 m 2 m 3 1 mim2m3mim 2 " 1 = (to 2 ™^ 1 ) 4 = 1, 

[77J4, m^ 1 , TO4] = 1, 77717774 1 ?Tll7774 1 777 17774 77717774 = 1, 

m 2 X m 3 1 777 i 777 2 " 2 777 3 7774777i7774 1 = 1, m 2 m^ 1 m 2 m 4 m 2 m^ 1 m^ 1 m 3 m 4 = 1. 

(1) Let K be the finitely presented group constructed in (k). Tfee77 V is an 
irreducible ^-dimensional representation of K over F — GF(2) of second 
cohomological dimension d\mp[H 2 (K, V)] = 0. Furthermore, K has a 
faithful permutation representation PK of degree 640 having a stabilizer 
which is the Sylow 3-subgroup ((7T727774) 2 , (mim 3 m 4 ) 2 } of K. 
(m) Let Hi — (mj,9j 1 1 < i < 4, 1 < j < 8) be the split extension of K 
by V . Then Hi has a set 1Z(H\) of defining relations consisting oflZ(K), 
TZi(V x K) and the following set TZ 2 (V x K) of essential relations: 

777 1 qi 777 1 1 qiq 2 = 1, m 1 q 2 m^ 1 q 2 = 1, miq 3 m^ 1 q 3 q 4 = 1, 
miq 4 m^ 1 q 4 = 1, m 1 q b m^ 1 q 7 = 1, miq 6 m^ 1 q 2 q 5 q 6 q 7 q 8 = 1, 
miq-jm^q^ = 1, miqgm^qs = 1, m 2 qiwq l q\q 2 q 3 = 1, 
m 2 q 2 wq X q 3 q 4 = 1, m 2 q 3 wq X q 2 q 3 = 1, m^m^ 1 q 4 q 2 q 3 q 4 = 1, 
m 2 q 5 m2 1 qiq 2 q 6 q 7 = 1, m 2 q§m 2 X q 3 q 4 q$ = 1, m^m^qiqs = 1, 

777 2 9s "72" 1 92 93 94 96 98 = 1, m 3 qim 3 ~ 1 q 2 = 1, m 3 q 2 m 3 ~ 1 q 1 q 2 = 1, 
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m 3 q 3 m 3 1 qiq 4 = 1, m 3 q 4 m 3 l q\q 2 q 3 q 4 = 1, m^m^ 1 q 4 q 5 q 6 = 1, 
m s qem^ 1 q 2 q5 = 1, m 3 q 7 m 3 1 q 5 q 8 = 1, m 3 q & m 3 1 q 1 qQq 7 q & = 1, 
m 4 q 1 m^ 1 q 1 q 2 = 1, m 4 q 2 m 4 x q\ = 1, m 4 q 3 m 4 ; 1 q 2 q 6 q 7 q$ = 1, 
m 4 q 4 m 4 1 q 1 q 2 q 6 q 7 = 1, m 4 q 5 m 4 1 q 1 q 2 q 7 q 8 = 1, m 4 q 6 m^ 1 q 5 q 6 q 8 = 1, 
m 4 q 7 m 4 1 q 1 q 2 q 3 q 4 q 5 q 7 = 1, m 4 q 8 m^ 1 q 1 q 3 q 6 q 7 = 1. 

(n) diniF[if 2 (.ffi, F)] = 4 and i/iere eiiste a unique central extension H of Hi 
of order \H\ = 2 17 -3 4 -5 whose Sylow 2-subgroups are isomorphic to a Sylow 
2-subgroup of D. H is a split extension of K by its Fitting subgroup Q, 
and H is isomorphic to the finitely presented group H — (hi\ < i < 14) 
wifft i/ie following set TZ(H) of defining relations: 

h 2 = h 5 2 = hl = h 3 4 = h 2 = h 2 = h 2 = h 2 =h 2 = h 2 n = h\ 2 = h\ 3 = h 2 14 = 1, 

[/le,^^ 1 ] = [/jt^u 1 ] = N,/^ 1 ] = [frg^w 1 ] = [^lo,^ 1 ] = [^n,^ 1 ] = ^ 

[/i^,^ 1 ] = [^ls^ul = h^h^hxh^h^l = 1, 

[/is,^ 1 ] = N,/^ 1 ] = i^io^rs 1 ] = [^n^rs 1 ] = [ ft i2, ^i-; 1 ] = N,^] = 1, 

/i^ fohih^ 1 h 3 h\ = (h^ 1 ^) 4 = h^ 1 h 2 h 3 1 hih^^hih^ 1 = (fahj 1 ) 4 = 1, 
[/14, , /14] = hih 4 1 h\h 4 1 h\h 4 h\h 4 = h 3 1 hih 2 ~ 2 h 3 h 4 hih 4 1 = 1, 
h 2 h 3 ~ 1 h 2 h 4 hlh 3 ~ 1 h 2 ~ 1 h 3 h 4 = hih 5 h^ 1 h^heh^ 3 1 = hih^h^h^h^l = 1, 
h\h 7 hi 1 h 7 h%h^l = hihgh^ 1 ^ — hih^h^hwh^h^ = 1, 
hih w h^ 1 h 6 h 9 h w h 1 ih 12 h^ 3 1 = hihuh^ 1 hgh^ = 1, 
hihi 2 h^ 1 hi 2 h^ — h 2 h 5 h2 1 h 5 h e h 7 h^ = 1, 

h 2 h§h2 1 h 7 h§K^ 3 x K{l = h 2 h 7 K 2 1 h^h 7 K^l — h 2 hgh^ h$h§h 7 h% = 1, 
fahgh^ 1 h^hehiohiihi 3 h^ 4 = h^wh^ 1 h 7 h%hghi 3 = 1, 
h 2 h\\h^h§h\ 2 hil = h 2 hi 2 h 2 ~ 1 h e h 7 h8h w hi 2 = 1, 
h^h^h^h^h^l = hsheh^ 1 h^hgh^ — h^h-jh^h^ha = 1, 
h 3 hsh 3 1 hr ) h 6 h 7 h s = h 3 h g h 3 ~ 1 h 5 h 9 h w h^l = h 3 h w h 3 l h^hg = 1, 
h 3 huh 3 1 hghi 2 K 4 = h 3 hi 2 h 3 1 h 5 h w hnh 12 h^ 3 1 h^ = 1, 
h 4 h 5 h 4 1 hr,h 6 h^ 3 1 hl 4 = h 4 h 6 h 4 1 h 5 h^ = 1, 
h 4 h 7 h 4 1 hehiohnh^h^ = h 4 hgh 4 1 h^hQh\Qhi\h 13 h 1 l = 1, 
h 4 hgh 4 1 h^hehnh^h^ = h^ioh^^^^hghwh^h^h^ = 1, 
h 4 hiih^ 1 h 5 hQh 7 h s ,hghnh^ 3 = h 4 hi 2 h 4 1 hc,h 7 hiohiihil = 1, 
[/i 5 ,/i 6 ] = [/i 5 ,/i7] = [^5,M = [^5,^9] = h^h^h^hmh^l = 1, 
h~ 1 h~*h 5 h 1 ih~l = [h 5 ,hi 2 ] = [h 6 ,h 7 ] = [h 6 ,h$] = h^h^hehgh^ = 1, 
h e 1 h^h e h w hil = h^h^hehuh^ = [h 6 ,h 12 ] = [h 7 ,h s ] = [h 7 ,hg] = 1, 
/17 ^h- 4 Qh 7 h\Qh- 44 = h 7 ^ h 7 hnhi 4 = h 7 ^h- 4 2h 7 h\ 2 h- 44 = 1, 
h^ 1 h 9 1 h 8 hgh^ = [h s ,h 1Q ] = h^h^h^huh^ = [h$,h 12 ] = [hg,h w ] = 1, 
[/19,/in] = [/i9,/ii2] = h^h^h w hnh^l = [h w ,h 12 ] = [hn,h 12 ] = 1. 
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PROOF, (a) By Table A. 7 the split extension E2 = Vi x M.12 has a unique 
conjugacy class of involutions of highest defect. It is represented by z — (ivi) 2 and 
its centralizcr D = Ce 2 ( z ) has order 2 17 -3-5. 

(b) The presentation of D given in the statement was obtained using the faithful 
permutation representation of E2 with stabilizer .M 22 and the Magma command 
FPGroupStrong (PD) . 

(c) Another application of Magma yields that the finitely presented group 
given in (b) has a faithful permutation representation PD of degree 1024 with 
stabilizer X = (2/1,2/4,2/10)- 

(d) Using this permutation representation PD of D and the Magma command 
NormalSubgroups(PD) it follows that D has a unique nonabelian normal subgroup 
Q of order 2 10 with center Z(Q) = (21,22) of order 4. The words of Z\,Z2 in 
the generators yi of D given in the statement have been obtained computationally 
as well. Another application of Magma determined the generators of the stated 
complement W — (wi, w 2 , W3} of Q in D. 

(e) Since Q is a characteristic subgroup of D its center Z{Q) is normal in D. 
Let a : D — > D\ = D/Z(Q) be the canonical epimorphism with ker(cn) = Z(Q). 
Let V = a(Q) and let u t = a{ yi ) e £>i for i = 1, 2, . . . , 11. Then W x = a{W) = 
(fci,fc 2 ,fc 3 ) is a complement of V, where kj = a(uij). Furthermore, D\ has a 
faithful permutation representation PD\ of degree 256 with stabilizer W\ . Another 
application of Magma now yields that the V is elementary abelian and generated 
by the eight elements qi given in the statement. 

(f) This assertion has been verified computationally. 

(g) The faithful permutation representation PD\ and Magma make it straight- 
forward to see that the Fitting subgroup A = (01,02,03,04) of W\ is elementary 
abelian of order 16, and that L = (fci,^) is a complement of A in W\. Also 
the generators a, of A and the isomorphism L = S5 have been obtained by this 
application of Magma. 

(h) Another calculation with Magma in the permutation group PD\ shows that 
S = (A, ki,r) is a Sylow 2-subgroup of W\ of order 2 7 , where r = k2k\k-sk\k\k2k?,- 
Furthermore, A is the unique maximal elementary abelian normal subgroup of S 
and the involution u — ki{k^k2) 2 kik2 generates the center Z(S) of S. Its centralizcr 
CwAu) = (S,d) has order 2 7 • 3, and d = (fcifc 2 ) 2 (fc2£;i) 2 generates a cyclic Sylow 
3-subgroup of Cw ± (u). 

(i) In order to apply Algorithm 2.5 of [10] to construct a larger centralizcr of u 
we use the anti- isomorphism between PW\ and its image in GL 8 (2) induced by 
the conjugate action of W\ on V. In particular, the matrix d with respect to the 
basis B is Md = {Mk 1 Mk2) 2 {Mk 2 Mk 1 ) 2 and Mu = Mk 2 Mk 1 {Mk2Mk 3 ) 2 Mk 1 . 
Let MW\ be the subgroup of GL 8 (2) generated by the matrices Mk\, Mk2, and 
Mk 3 in GL 8 (2). 

Another application of Magma in GL 8 (2) shows that 

MX = C GL8(2) (M W ) n C GLs(2) (Md) 

has an abelian Sylow 3-subgroup MT of order 3 3 and \MX\ = 2 12 • 3 3 • 5. Fur- 
thermore, it follows that the matrix Mx of the statement belongs to the set of 
all matrices My <G MX of order 3 such that \(C M w 1 (Mu), My)\ = 2 7 • 3 2 . In 
particular, Mu is the unique central involution of MC — (CmWi{Mu),Mx) and 
\MC\ = 2 7 • 3 2 . 
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(j) This statement has been verified by means of the previous results and 
Magma. 

(k) Let MK be the subgroup of GL 8 (2) generated by the matrices mi = Mki, 
m 2 = Mk 2 , m 3 — Mfc 3 , and m 4 = Mx. Taking a Sylow 3-subgroup of MK as 
a stabilizer one obtains a faithful permutation representation PK of this matrix 
group having degree 640. Then the presentation of the finitely generated group 
K = (mi, m 2 , m 3 , m 4 ) has been calculated by means of the Magma command 
FPGroup(PK). 

(1) All assertions of this statement follow easily from (j), (k), and Holt's Algo- 
rithm 7.4.5 of [11] implemented in Magma. 

(m) The presentation of the split extension H\ = V x K has been calculated 
by means of Lemma 2.2 using the presentation of K given in (k). 

(n) Part (e) states that D 1 = D/Z{D) splits over V = Q/Z(D) with comple- 
ment W\. By Algorithm 2.5 of [10] the desired centralizcr H = Cg{z) of z = z\ 
in the (at this time unknown) target simple group G has to have an odd index 
\H : D\ = \K : W\. Therefore Theorem 1.4.15 of [11] implies that H is a central 
extension of H\ by a central subgroup Z(H) — (zi, z 2 ) having a normal complement 
Q containing Z(H) such that V — Q/Z(H) has a complement isomorphic to K. 

Since Z{H) — Z{D) = (zi,z 2 ) is a Klein four group, the central extension H 
has to be constructed in two steps. 

Clearly Hi = (■mi,m 2 ,m 3 ,m4,vi,v 2 ,v 3 ,V4 7 v 57 v 6} V7,vs) has a faithful permu- 
tation PHi of degree 256 with stabilizer K. Let FPHi be the presentation of H\ 
given in (m). Then we apply Holt's Algorithm 7.4.5 of [11] implemented in Magma 
[8] to the trivial matrix representation of Hi over F = GF(2). It yields that the 
second cohomological dimension dimp[H 2 (Hi, F)] = 4. Thus the first central ex- 
tension H 2 of Hi by a central involution y £ Z(D) is one of the sixteen central exten- 
sions E at b, c ,d, < a, b, c, d < 1. As D does not split over Z{D) the group H 2 can only 
be isomorphic to a non-split extension. Let nmodQ := GModule (PH_1 , FEalg) be 
the trivial module of the matrix algebra FEalg generated by the twelve identity ma- 
trices corresponding to the twelve generators of Hi. Using the Magma command 
P_H :=ExtensionProcess(PH_l, nmodQ, FPH_1) we obtain a presentation for each 
of the fifteen non-split central extensions -E a .fc.c.d, where (a,b,c,d) ^ (0,0,0,0). 
Another application of Theorem 1.4.15 of [11] implies that H 2 has a normal com- 
plement Q 2 containing Z 2 = (y) such that Qi = Q 2 /Z 2 . In particular, H 2 has a 
faithful permutation representation of degree 512, and its Sylow 2-subgroups are 
isomorphic to the ones of D/Z 2 . Constructing the corresponding permutation rep- 
resentations of the groups E a ^, c ,d it follows that only the three groups i?o,i,o,o, 
Ei, o,o,o and £i,i,o,o have a faithful permutation representation of degree 512 whose 
stabilizer is a subgroup isomorphic to L. As y e {zi, z 2 , z 3 = ziz 2 } another applica- 
tion of Magma yields that only ^1,0,0,0 has a Sylow 2-subgroup which is isomorphic 
to those of exactly one factor group D/(zk), where 1 < k < 3. In fact, this k = 1. 

By construction the extension group H 2 = Ei, n , ,o has a complement and there- 
fore a faithful permutation representation of degree 512. Its central involution is the 
new generator. Applying Holt's Algorithm 7.4.5 of [11] implemented in Magma [8] 
again to the trivial matrix representation of H 2 over F = GF(2) it follows that the 
second cohomological dimension dimF[H 2 (Hi, F)} — 4. After constructing the cor- 
responding suitable permutation representations of the fifteen non-split extension 
groups F a ,t,, c ,d we see that only the three groups -fo.o.i.Oj -Fi,o,o,o> and Fi. 0,1,0 have 
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a faithful permutation representation of degree 1024 whose stabilizer is a subgroup 
isomorphic to K. Now the isomorphism check of Magma yields that only fi,o,i,o 
has a Sylow 2-subgroup which is isomorphic to a Sylow 2-subgroup of D. Hence 
H = Cg{z) := -Fi, oa,o- Its presentation is given in the statement. This completes 
the proof. □ 

Lemma 3.4. Keep the notation of Lemma 2.4 and Proposition 3.3. Let H = 
(hi 1 1 < i < 14) be the finitely presented group constructed in Proposition 3.3. Then 
the following statements hold: 

(a) H has a faithful permutation representation of degree 1024 with stabilizer 
(h 1 ,h 2 ,h 3 ,h 4 }. 

(b) Each Sylow 2-subgroup S of H has a unique maximal elementary abelian 
normal subgroup A of order 2 10 and Nh(A) = D = Ce 2 ( z )- 

(c) There is a Sylow 2-subgroup S such that D — N H {A) = (x,y), where 

x = fahih^hifah^) 4 ) 2 , 

y = ({h2hl) 2 h 1 2hlh2h 1 hlh2h4h 1 h4h2) 2 {h 2 hlh2) :i hlh 1 2hlh2h 1 h4h 1 2h4 

have orders 2 and 6, respectively. Furthermore, H = (x,y,h), where 
h = /i 4 has order 3. 

(d) The amalgam H <— D — > E 2 has Goldschmidt index 1. 

(e) A system of representatives ri of the 115 conjugacy classes of H and the 
corresponding centralizers orders \Cn{ri)\ are given in Table A. 5. 

(f) A system of representatives di of the 97 conjugacy classes of D and the 
corresponding centralizers orders \Co{di)\ are given in Table A. 6. 

(g) Let g : Nh(A) — > D = Ce 2 be the isomorphism given in (b). Then there 
is an element e <G E 2 of order 3 such that E 2 = (cr(_D),e). A system of 
representatives ei of the 43 conjugacy classes of E 2 and the corresponding 
centralizers orders |CE 2 (ei)| are given in Table A. 7. 

(h) The character tables of H, D, and E 2 are given in Tables B.4, B.5, 
and B.6, respectively. 

PROOF, (a) This assertion follows at once from Proposition 3.3(n). 

In particular, H has a faithful permutation representation PH of degree 1024. 
Using it and Magma it is straightforward to verify statements (b) and (c). The 
words for the generators x and y of D in the generators hi of H have been found 
by a stand alone program written by the first author. 

(d) The Goldschmidt index has been calculated by means of Kratzer's Algo- 
rithm 7.1.10 of [11]. 

The systems of representatives of the conjugacy classes of H, D, and E 2 have 
been calculated by means of PH, Magma and Kratzer's Algorithm 5.3.18 of [11]. 

(g) It has been checked with Magma that e = t satisfies E$ = (a(D), e). 

The character tables of (h) have been obtained by using PH and Magma. □ 

4. Construction of Conway's simple group Co 2 

By Lemma 3.2 the amalgam H <— D — > E 3 constructed in Sections 2 and 3 
satisfies the conditions of Step 5 of Algorithm 2.5 of [10]. Therefore we can apply 
Algorithm 7.4.8 of [11] to give here a new existence proof for Conway's sporadic 
group C02, see [5]. 
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The set of all faithful characters of the finite group U is denoted by /chare (U), 
and mf chare (U) denotes the set of all multiplicity-free faithful characters of U. 

Definition 4.1. Let U\, £/ 2 be a pair of finite groups intersecting in D. Then 

S = {(v,w) E m/char c (?7i) x m/char c (t/ 2 ) | v\d = ^\d) 

is called the set of compatible pairs of multiplicity-free faithful characters of U\ 
and U2. For each (v,lu) € £ the integer n = v(l) = is called the degree of the 
compatible pair (v,u>). 

Theorem 4.2. Keep the notation of Lemma 3.2 and Proposition 3.1. Using 
the notation of the three character tables B.l, B.2, and B.3 of the groups H, D, 
and E3, respectively, the following statements hold: 

(a) The smallest degree of a nontrivial pair 

(X,t) € TO/char c (#) x mfcha,r c (E 3 ) 

of compatible characters is 23. 

(b) There is exactly one compatible pair (Xj t ) € m f chare (H) x mf chare (E3) 
of degree 23 of the groups H = (D, h) and E3 = (D, e) : (\2 + X4, r 2 + tq) 
with common restriction t\ d = \\d = ^2 + ips + ^26, where irreducible 
characters with boldface indices denote faithful irreducible characters. 

(c) Let 33 and 2U be the uniquely determined (up to isomorphism) faithful 
semisimple multiplicity-free 23 -dimensional modules of H and E3 over 
F = GF(13) corresponding to the compatible pair \, r, respectively. Let 
K2j : H — > GL23(13) and k<xo ■ E3 — > GL23(13) be the representations 
of H and E 3 afforded by the modules 2J and W, respectively. Let f) = 
K<s(h), j: = k<xj(x), X) = n%}{y) in K<n(H) < GL 2 3(13). Then the following 
assertions hold: 

(1) 23|£> = W\d, and there is a transformation matrix T e GL 2 3(13) 
such that 

Let e = T- x K W (e)T e GL 23 (13). 

(2) in (5 3 = (h,y, t), e) i/ie subgroup S 3 = (y, t), c) is £/ie stabilizer of a 
1- dimensional subspace il 0/ 23 smc/i i/iai i/ie (83-orbit il e /las de- 
gree 46575. 

(3) XTie generating matrices of ©3 are: 
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(4) ©3 = (f),y, r), e), and ©3 has 60 conjugacy classes g i 3 with represen- 
tatives Qi and centralizer orders \C<& 3 (Qi)\ as given in Table A.4- 

(5) The character table of ©3 coincides with that of C02 in the Atlas [6, 
pp. 154-155]. 

(d) ©3 is a finite simple group with 2-central involution k<s(z) — (yt)f)) 15 such 
that Ce 3 (K<n{z)) = k^{H), and |<S 3 | = 2 18 • 3 6 • 7 • 11 • 13. 

PROOF, (a) The character tables of the groups H, D, and E3 are stated in 
the Appendices. In the following we use their notations. Using Magma and the 
character tables of H, D, and E3 and the fusion of the classes of D(H) in H 
and D{Ez) in E 3 an application of Kratzer's Algorithm 7.3.10 of [11] yields the 
compatible pair stated in assertion (a). 
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(b) Kratzer's Algorithm also shows that the pair (x, t) of (b) is the unique 
compatible pair of degree 23 with respect to the fusion of the D-classes into the H- 
and ^-classes. 

(c) In order to construct the semisimple faithful representation 2J corresponding 
to the character \ = \i + X4 we determine the irreducible constituents of the 
faithful permutation representation (1t) H of H with stabilizer T — (h\,hi) given 
in Lemma 3.2. Calculating inner products with the irreducible characters of H it 
follows (1t) H has five irreducible constituents of degrees 1, 16, 120, 135, and 240. 
By the character table of H we know that %4 is the only irreducible character of H of 
degree 16. Constructing the permutation matrices of the three generators h, x, and 
y of H over the field K — GF(13) and applying the Meataxe Algorithm implemented 
in Magma we obtain the matrices Zx,Zy,Zh € GLi 6 (13) of the generators of H in 
the 16-dimensional representation 9Ji. Furthermore, it has been checked that 93 1 
restricted to D(H) = (x, y) is irreducible. 

In order to find the irreducible module 93 2 corresponding to the character \i 
of degree 7 we applied Theorem 2.5.4 of [11] by calculating the 4th exterior power 

/\ 93i of dimension 1820 over K — GF(13) and decomposing it into irreducible 
composition factors. It follows that it has three composition factors 233j, 1 < j < 3, 
of dimensions 35, 840, and 945. Let 2Ui be the one of dimension 35. Its second 
exterior power /\ 2 2Ui of dimension 595 splits into four irreducible constituents Xk, 
1 < k < 4, of dimensions 7, 21, 189, and 378. H has exactly one irreducible 
character of dimension 7 by Table B.l. Hence 5J 2 = Choosing a basis in this 
KH-module the generators of H are represented by the following matrices: 



58859 11 8 \ / 4 104 1 10 8 5 \ / 12 10 11 8593 



Wx = 



I 5 8 8 5 9 11 8 \ 
/ 96 11 163l\ 

10 3 2 11 10 7 12 
3 8 10 10 12 9 

11 11 6 5 3 7 11 
6 6 1 8 2 



<Jly = 



/ 4 10 4 1 10 8 5 \ 
/ 817618 12 \ 
10 4 5 11 12 4 1 
5 5 4 1011 
12 8 3 11 12 
12 10 1 5 



and <Jlh : 



/ 12 10 11 8 5 9 3\ 
/ 40 11 1 11 45\ 

3 6 5 6 9 2 
7 5 4 10 3 6 

1 4 11110 
1 3 12 2 2 12 2 



U D D 1 U o z 1Z1UU10UU 1 6 £ Z £ 

\ 3 3 7 11 / \640866 12/ \ 7 2 12 12 7 1/ 



Using Magma and the Meataxe Algorithm again we see that the restriction of QJ2 to 
Dh = (x, y) splits into two irreducible K .D#-modules 2J21 and 2J22 of dimensions 1 
and 6 having respective bases B\ and B 2 - Hence their union B is a basis of 2J2. 
Let T\ € GL7(13) be the matrix of the base change from the canonical basis to the 
basis B of <U 2 - Then Zx = Ti^Ti)- 1 , £y = T^yi^)- 1 and £h = T^h^y 1 
represent the three generators x,y, h of H with respect to the basis B of 2J2. It 
follows that the blocked diagonal 7x7 matrices £x and 2,y are the 7x7 matrices in 
the upper left corner of the matrices y and rj given in the statement. Furthermore, 
the matrix £/i of h £ H is the corresponding 7x7 block of the matrix f) in the 
statement. 

Let y, \) and f) be the diagonal joins of the matrices £,x and Zx, £y and Zy 
and £h and Zh in GL 2 3(13), respectively. Then these three 23 x 23 matrices are 
given in the statement. Clearly, they satisfy the equations y = k<xj(x), rj = K<s(y) 
and 1} = K<a(h) where kqj : H — > GL 23 (13) denotes the semisimple representation 
of H = (x, y, h) afforded by 5J. 

Now we construct the faithful representation 2U of E3 corresponding to the 
character r = r 2 +t 6 . By the character table of E 3 we know that T2 is the only non- 
trivial linear character of E. Its corresponding representation 2Ui : E 3 — > GLi(Jl') 
is given by 2Hi(a;i) = 2Ui(yi) = 12 and 22Ji(ei) = 1. In order to find the irre- 
ducible representation 2O2 of tq we determine the irreducible constituents of the 
faithful permutation representation (1t 1 ) E3 of £3 of degree 1024 with stabilizer A22 
constructed in Lemma 2.5. An application of Magma shows that it has four irre- 
ducible constituents of degrees 1, 22, 231, and 770. Using the Meataxe Algorithm 
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implemented in Magma the matrices $xi,3yi,3ei € GL22(13) of the generators of 
£3 in the 22-dimensional irreducible constituent X of (1t 1 ) E over K = GF(13) and 
their traces have been determined. Now it follows from the character table of E 3 
that Te is the character of the tensor product X ® 2Ui . Another application of the 
Meataxe Algorithm and Magma implies that the restriction of W2 to De = (xi,yi) 
splits into two irreducible -ftT-Ds-modules 2B21 and W22 having respective bases Bi 
and B2 such that the generators x\ and y\ of D have the following matrices with 
respect to B\ and B 2l respectively: 



2U 2 i(xi) = 



and W 2 2(vi) 



121 1 
1 12 1 
120 

12 

1 1 12 

1 1 12/ 



2»22(zi) = 



and 2H 2 i(j/i) = 



1 120 

2 1 

3 12 2 
3 112 

12 1 
120 
2 1 

110 
10 1 
11 1 
12 2 
10 1 







1 12 

1 1 12 

2 2 12 
12 
12 12 





1 12 
1 1 
1 



1 1 



110 



1 12 
3 2 
12 

10 



1 12 12 12 

1 1112 12 12 

11 11 12 

10 12 12 1 

1 12 1 

1 1 11 

12 1 
12 12 11 1 

1 12 12 

11 12 12 2 

1 11 12 12 
1 11 12 12 12 
12 11110 3 
12 
1 
1 



3 10 2 3 2 12 10 11 12 
2 11 2 2 1 12 11 12 12 
11 1 12 12 12 1 1 



2 11 
12 
2 
2 
12 



12 1 

12 



12 11 12 




I 1 1 
1 12 
12 1 12 

II 
12 12 
111 

12 1 

11 12 
111 

12 1 1 
10 
1 12 
11 
12 

12 1 

11 
11 12 

12 
11 

10 



00000 12 00 12 



12 11 12 
12 12 1 
10 10 
12 12 12 12 1 
12 11 12 12 
12 12 12 12 
12 12 12 
12 12 
12 1 1 



11 12 12 



11 12 

12 12 
2 
11 12 12 
11 
11 12 12 

11 
12 12 

12 12 12 
2 



12 01 12 \ 
1200 12 1 
010 1 12 
00 1 1 12 
12 10 12 12 1 
00 12/ 



12 12\ 

1 12 \ 

2 11 
2 10 

1 
12 1 
12 

2 12 
12 11 
10 

11 

1 11 
1 10 
1 

; 

12/ 

2 10 \ 
2 11 \ 

1 

1 11 
12 

1 1 

2 12 

12 12 
2 12 

11 
12 
11 

1 



2 
2 
1 
1 
1 

ii/ 



Let B = B\ U i?2- Then B is a basis of the irreducible K £V module 2H2, and with 
respect to B the third generator e\ of E 3 has the matrix: 



2» 2 (ei) = 



600 
7 066 1 
6 07712 
700 
600 
600 
701 
6 077 
700 
700 

6 077 
12600 
701 
700 

7 167 
7 167 
701 
700 
7 167 
6 077 
700 
701 



7 6 
7 

6 6 
12 6 


12 6 

11 9 

7 12 

7 11 

8 
5 

12 

1 12 



7 7 7 

7 6 

7 

6 1 



6 1 

6 11 12 

~ 7 1 



8 



7 

5 6 12 
12 
111 

6 6 6 
6 12 5 
12 6 12 


6 6 6 

7 7 
7 1 
6 
10 



6 6 
6 

6 7 
6 
6 7 
7 8 

1 6 

1 712 
12 6 12 
1 1 7 

16 1 
6 12 

17 7 
8 
10 1 
7 
7 7 
6 
1 12 
6 7 
12 6 12 



6 
8 

12 7 
7 12 7 7 

7 

5 

7 7 

6 8 
6 

7 6 
6 

6 7 
6 8 
712 
12 6 

7 7 6 
7 6 6 



7 

7 

6 7 
12 7 

12 7 
6 12 

7 
18 5 
5 8 
7 2 11 
12 
12 1 



1 5 

. 7 6 

7 7 12 



6 

6 1 

7 7 
12 6 1 
12 1 



By construction, the i^D-modules 23| D and T3\ D described by the two pairs 
(%l(x),%3(y)) and (%B(xi),W(yi)) of matrices in GL 2 3(13) are isomorphic. Let 
Y = GL 2 3(13). Applying then Parker's isomorphism test of Proposition 6.1.6 of [11] 
by means of the Magma command 

IsIsomorphic(GModule(sub<Y|V(x) ,V(y)>) ,GModule(sub<Y|W(xl) ,W(yl)>)) 
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we obtain the transformation matrix: 



r = 



100 o 

01111 
01111 
042 5 
03 17 
000 
0119 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 





1 9 

8 
3 12 2 

2 3 11 

1 12 
10 2 11 


























11 
11 
12 12 3 
14 7 
2 
11 2 

11 1 1 

1 

1 11 

12 12 2 
12 11 1 
12 

12 12 2 
12 1 
1 12 










1 

3 
11 11 
4 4 

11 12 

12 12 
12 10 
12 

1 2 
12 10 
12 1 
1 2 
1 
10 12 

1 

1 1 

















1 

2 
11 1 1 

3 12 12 



11 1 1 
10 1 12 

12 1 1 

1 



10 

1 

1 12 1 


12 
12 1 

1 12 12 














2 

12 
3 1 
11 

1 

11 11 

12 

1 2 
11 
1 

12 1 2 

2 11 
1 
12 










12 12 
11 12 11 
3 12 
7 1010 
2 12 

2 10 

3 1 3 
10 
11 12 10 
3 12 
10 
11 12 11 
12 
3 12 
11 
12 12 1 



12 
3 12 

9 1 

10 11 
10 1 
9 
9 1 
12 1 
3 12 
9 1 
12 
3 12 

1 1 
9 1 

. 

2 12/ 



satisfying 9J(a;) = (W(x 1 )) T and 3J(y) = (W( yi j) T . 

Let e = (2B(ei)) r . Then g 3 = (f,t),e) = E. Let 3 = ((), rj, e). Us- 
ing the Magma command CosetAction(G, E) we obtain a faithful permutation 
representation of C$ 3 of degree 46575 with stabilizer l£ 3 . In particular |(S 3 | = 
2 18 • 3 6 • 5 3 • 7 • 11 • 23. Using the faithful permutation representation of <8 3 of 
degree 46575 and Kratzer's Algorithm 5.3.18 of [11] we calculated the representa- 
tives of all the conjugacy classes of G5 3 , see Table A. 4. Furthermore, the character 
table of 25 3 has been calculated by means of the above permutation representation 
and Magma. It coincides with the one of Co 2 in [6, pp. 154-155]. 

(d) Let 3 = (yt)f)) 15 . Then C® 2 (3) contains io = (f),y, rj) which is isomorphic 
to H. By the table of (c)(4) \C & (i)\ = \H\. Hence C@ 3 = (3) ft. The character 
table of 25 3 implies that © 3 is a simple group. This completes the proof. □ 

Praeger and Soicher give in [12] a nice presentation for Conway's simple group 
Co 2 which is given in the statement of the following corollary. 

Corollary 4.3. Keep the notation of Theorem 4-2. The finite simple group 3 
is isomorphic to the finitely presented group G — (a, b, c, d, e, f, g) with set 1Z(G) of 
defining relations: 

a 2 = b 2 = c 2 = d 2 = e 2 = f 2 = g 2 = 1, 

(abf = (be) 5 = (cdf = (dff = (fef = (ae) 4 = 1, 

(ec) 3 = (c/) 4 = (fg) 4 = (gb) 4 = 1, 



(ac) 2 = (ad) 2 = (af) 2 
(bf) 2 = (eg) 2 = (dg) 2 



(ag) 2 = (bd) 2 = (be) 2 

(eg) 2 



1. 



1, 



(eff 



= (bg) 2 



(eff, 



(aecd) 4 = (baefgf = (cef) 7 = 1. 

PROOF. Using the Magma command FPGroupStrong(PG) and the faithful 
permutation representation of degree 46575 of the simple group © 3 given in Theo- 
rem 4.2(c), we obtained a finite presentation of © with sixteen generators and too 
many relations to be stated in this article. Therefore we gave in the statement 
the presentation of [12, p. 106]. Using its subgroup Q — {a,b,c,d,e,g,(gfdc) 4 ) 
as a stabilizer we obtained a permutation representation for their group G = 
(a, b, c, d, e, /, g) of degree 46575. An isomorphism test using Magma then showed 
that <S 3 = G. □ 
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5. Construction of Fischer's simple group R22 

By Lemma 3.4 the amalgam H <— D —> E2 constructed in Sections 2 and 3 
satisfies the main conditions of Step 5 of Algorithm 2.5 of [10]. Therefore we 
can apply Algorithm 7.4.8 of [11] to give here a new existence proof for Fischer's 
sporadic group Fi 2 2 , see [7] . 

Theorem 5.1. Keep the notation of Lemma 3.4 and Proposition 3.3. Using 
the notation of the three character tables B.4, B.5, and B.6 of the groups H, D, 
and E2, respectively, the following statements hold: 

(a) The smallest degree of a nontrivial pair of compatible characters (x, t) in 
mf chare (TV) x mf chare (-E 2 ) is 78. 

(b) There is exactly one compatible pair (x,r) € m/charc(-ff) x m/charc(i?2) 
of degree 78 of the groups H = (D, h) and E 2 = (D, e), namely: 

(X4 + X20 +Xi7,n +r 6 ) 

with common restriction ti d = x\d = V'i+' i / , 8+V-'4i+V-'33j where irreducible 
characters with boldface indices denote faithful irreducible characters. 

(c) Let 53 and 2U be the uniquely determined (up to isomorphism) faithful 
semisimple multiplicity-free 1 '8- dimensional modules of H and E 2 over 
F = GF(13) corresponding to x an d t, respectively, where (x,t) is the 
compatible pair. Let : H — > GL7g(13) and kjjj : E 2 — > GL7g(13) 
be the representations of H and E 2 afforded by the modules 2J and 2U, 
respectively. Let t) — Kgj(/i), y = K<g(x), rj = K<s(y) i n k<o(H) < GL7§(13). 
Then the following assertions hold: 

(1) QJ|£) = W\d, and there is a transformation matrix T e GL 2 3(13) 
such that 

l = T~ 1 n w (xi)T and rj = T~ 1 n w (y 1 )T. 

Let e = T- x K W {e)T e GL 78 (13). 

(2) In © 2 = (f),?, t)> e ) th e subgroup € = (y, tj, e) is the stabilizer of a 
1-dimensional subspace il of 03 such that the <5 2 -orbit it® 2 has de- 
gree 142155. 

(3) The four generating matrices of <8 2 are stated in Appendix C. 

(4) 2 = (f),y, t), e), and © 2 Aas 65 conjugacy classes gf 2 wzf/i represen- 
tatives Qi and centralizer orders |C© 2 (flj)| as ^wen m Ta&te ^4.S. 

(5) T/ie character table of G5 2 coincides with that ofF\ 22 in the Atlas [6, 
pp. 156-157]. 

(d) ©2 *s a finite simple group with 2-central involution k<xj(z) = (yrjyf)) 10 such 
that C @2 {n m {z)) = Kss(H), and |<5 2 | = 2 17 • 3 9 • 5 2 • 7 • 11 • 13. 

Proof, (a) The character tables of the groups H, D, and E 2 are stated in 
the Appendix; we will follow the notation used there. Using the character tables 
of H, D, and E 2 and the fusion of the classes of D(H) in H and D(E 2 ) in E 2 an 
application of Kratzer's Algorithm 7.3.10 of [11] yields the compatible pair stated 
in assertion (a). 

(b) Kratzer's Algorithm also shows that the pair (x, r) of (b) is the unique 
compatible pair of degree 78 with respect to the fusion of the iD-classes into the H- 
and ^2-classes. 

(c) In order to construct the semisimple faithful representation 33 corresponding 
to the character x = X4 + X20 + X17 we determine the irreducible constituents of the 
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faithful permutation representation (1t) h of H with stabilizer T = (hi, h 2 , h%, /14) 
given in Lemma 3.4. Calculating inner products with the irreducible characters of H 
it follows (1t) H has seven irreducible constituents of degrees 1, 32, 40, 120, 135, 216, 
and 480. By the character table of H we know that X17 is the irreducible character 
of H of degree 32 occurring in the permutation character (1t) H ■ Constructing the 
permutation matrices of the three generators h, x, and y of H over the field K = 
GF(13) and applying the Meataxe Algorithm implemented in Magma we obtain 
the matrices X 2 , 3^2,^2 € GL32(13) of the generators of H in the 32-dimensional 
representation 2Ti. These three matrices are given in Appendix C. Furthermore, it 
has been checked that 5Ji restricted to D(H) = (x, y) is irreducible. 

In order to find the irreducible modules 23 2 and 23 3 corresponding to the char- 
acters X4 °f degree 6 and X20 of degree 40 we applied Theorem 2.5.4 of [11] to 
the faithful character Xi7- It follows that both missing representations are con- 
stituents of the 6th tensor power of 2Ji. A character calculation shows that the 
irreducible representations 2J 2 corresponding to X20 and 2?3 corresponding to X4 
can be constructed by the Meataxe decompositions of the representations of the 
tensor products belonging to the following character products: the 135-dimensional 
irreducible character X42 occurs in xir- Their tensor product X42 ® Xit contains 
the 640-dimensional character xso, and X59 of degree 270 is an irreducible con- 
stituent of xso ® Xi7- Their tensor product X59 ® Xi7 has the 192-dimensional 
constituent X47- The desired character X4 of degree 6 is then an irreducible com- 
position factor of X47 ® Xi7- 

The faithful 480-dimensional irreducible character X74 occurs in Xi7- The 
tensor product X74 ® Xi7 contains the 135-dimensional character X41, and X45 of 
degree 160 is an irreducible constituent of X4i <8> Xi7- The tensor product X45 ® Xi7 
has the desired character X20 of degree 40 as an irreducible composition factor. 

An application of the Meataxe Algorithm implemented in Magma produces 
then the six matrices of the three generators of H with respect to fixed bases in 
QJ 2 and 23 3 . Their 46-dimensional diagonal joins Hi, Xi, and 3^1 are given in 
Appendix C. 

Now we construct the faithful representation 2U of E 2 corresponding to the 
character t = ri +t&. Clearly n corresponds to the trivial representation 2Ui of E 2 . 
By means of the character table of E 2 we see that the irreducible representation 2Tr 2 
of t 6 occurs as an irreducible constituent of the faithful permutation representation 
(ItJ^ 2 of E 2 of degree 1024 with stabilizer ^22 constructed in Lemma 2.4. Using 
the Meataxe Algorithm implemented in Magma the 77-dimcnsional irreducible 
constituent 2U 2 of (It 1 ) E over K — GF(13) has been determined. Its restriction 
(2U2 ) 1 to D = (xi,yi) decomposes into three irreducible constituents of dimensions 
5, 40, and 32. Taking a basis Bi of the 1-dimensional restriction (2Ui)|£> to D and 
bases B 2 , B 3 , and B4 in the three irreducible constituents of (2U 2 )|_d we obtain 
the two matrices W(xi) and W(yi) of the generators x\ and yi of D = De 2 in 
GL 78 (13). Let B = B x U B 2 U B 3 U B A . Then B is a basis of the semisimple KE 2 - 
module 2U. Let 2U(ei) be the matrix of the third generator ei of E 2 with respect 
to B. The two XD-modules VB\ D and W\ D described by the pairs (%3(x), 
and (W(xi),W(yi)) of matrices in GL7 8 (13) are isomorphic by construction. Let 
Y = GL7g(13). Applying then Parker's isomorphism test of Proposition 6.1.6 of [11] 
by means of the Magma command 

IsIsomorphic(GModule(sub<Y|V(x) ,V(y)>) ,GModule(sub<Y|W(xl) ,W(yl)>)) 
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we obtain the transformation matrix T satisfying %3(x) = (2B(xi)) r and 9J(y) = 
(S2U(j/i)) T . In view of its size this transformation matrix is decomposed into four 
block matrices A € Matss,38, B € Matss,40, C G Mat^^g, and, V € Mai4o,4o such 
that: 



A B 
C V 



has the following four blocks: 

Matrix A : 



12 

. 11 2 9 10 1 

. 6 12 3 3 7 

. 11 10 5 12 4 

. 11 7 12 6 11 

. 11 5 9 10 1 

292523564 12 776288 10 4 11 916961 12. .10 881 

87. 5783395 11 91. 12 811. .11 37613 12 8 12 28 

54 11 7813 10 1 11 22348 10 4878947355 11 87 10 8 

33839. 191293356 11 367 10 56 10 5 10 26 12 3373 

4393399763 10 6 11 12 86527. 10 8. 7. 2 11 8 11 

3 10 764853 12 656192. 12. 723. 145. 9876 

12 11 7 4 10 11 . 12 1 11 1 3 9 6 11 6 2 9 3 12 5 5 8 3 3 1 1 6 12 3 . 10 

87. 3 10 3578543. 2 10 7926517538 12 95 12 2. 

12 6 3 10 12 4 11 12 9 12 . 12 12 1 2 9 7 10 12 6 12 1 12 3 1 11 4 7 . 2 5 7 

12 6277729543 12 49. 21 10 1 12 68 11 10 5 5714 12 24 

555 11 71 12. 485497415259831183. 12. 12 8 

8 5 11 2 1 11 3 3 5 4 9 3 11 8 8 11 12 9 5 10 6 11 10 . 7 11 . 7 8 9 4 

12 3 12 9 8 10 11 11 3 8 . . . 6 7 10 5 7 6 11 2 5 9 9 . 1 10 8 3 10 9 10 

87424738432464347. 652 11 10 10. .8232. 

171 12 7118 10. 83. 566621 10 76 11 485 12 11 341. 

5824 5 25 12 25 10 10 915133 12 9396. 2649 10 99 

1252 12 11 3576 11 297. 86 10 8673 12 623. 455 10 9 

29. 77956359. 32 11. 12 8 12 11 12 5898. 6 12 8. 24 

12 65843 10 34527616453. 11 11 47879 10 10 3595 

8 9 2 10 12 8 2 . 5 2 11 3 12 12 10 3 12 5 4 6 12 1 5 7 6 10 10 9 . 4 9 

1785819. 10 23 11 15 12 369 12 3 12 11 9 11 6 10 915. 4 12 

6 3 9 4 5 10 7 5 6 11 10 5 11 3 10 4 8 11 10 11 9 2 10 1 9 12 8 5 

17 11 2. 895 10 46 11 1 11 5 12 942 12 9 10. 49. 656858 

843161. 7 10. 4335831. 33 12 11 189 10 55 11 76 

1 12 37 11 5788598249. 25447 10 9295866943 

11 451 11 12 365148 12 238581 12 545978648 11 10 5 

12 6814967. 391 10 97 11 12 1763713 12 111 52143 

1 12 696882437413 10 1 12 11 11 559. 4583 10 7. 9. 

42 12 58. 9855 11 11 7755 10 745 12 10 17326. 

10 3 11 98 12 11 838213 10 921162841 10 32. 965 

4 12 6 5 12 12 4584625692 11 42915741 12 9 12 

12. 75 11 74 12 57766 12 10 36. 92. 11 10 7 10 6737 11. 



Matrix B: 



9 12 
6 11 
12 4 

8 3 

9 11 
3 1 
6 

9 



3 8 



6 8 2 5 4 10 
4 6 1 8 8 10 
4 6 7 11 3 3 
6 6 9 4 6 2 

3 6 11 5 1211 
10 12 10 10 12 4 

4 1 3 2 2 11 
8 4 11 7 12 6 

1 8 10 6 12 
1010 11 9 



2 3 
. 10 
5 1 1 

3 10 11 
2 6 8 
10 5 9 

5 2 11 
8 10 . 

6 . 3 



3 

10 11 



7 
1 

!) 
6 
6 
2 
5 
1 
1 
3 
9 11 
6 3 



7 
7 
1 

r> 
9 
4 

7 . 8 
12 12 8 

2 7 4 6 

3 12 11 10 
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Matrix C: 



. . 33671167718731182 10 114 .2.665 . 9 . 7826 
. 12 11 . 6 8 2 6 9 1 8 6 6 4 1 11 7 4 7 10 9 6 . 11 12 8 . 12 . 10 12 2 7 
. . 8 5 2 9 1 6 7 12 109 1 10 12 672565 28. 24 10 95 13 11 2 
. . 3 1 ..9 7 6 11 127 135427281 97. 83 . 91 12 951 
. . 8 12 12 75 3 10 6 85 11 6 8 8 12 3 4 9 2163 7 1110 7 6 8 7 6 5 
.. 89696 12. 1 1.97 . 86 12. 69917859 . 82237 
..10 12 91 12 25514193971 10 4 11 5. 6 . 1254 . 457 
93378528 10 3. 8 10 99 12 10 



Matrix T> : 

104 9 3 4 . 3 11 

1 1 5 7 12 3 5 12 

71946771 

12 1 12 . 9 3 2 12 

.8 3 4 2 911 4 

6187232 11 

28136279 

556 10 2376 

12 971 10 5529184 10 56957235 12 2812 10 37834 

10 714 12 242211 12 39294194174117299 12 41 

539. .5 8 5 5 3.88849941775181351.9.8 

10 858. 5. .2. .58.5538.5855. . .10. 85 10 8 

1 8 10 10 2 1 6 7 5 7 2 9 3 7 3 11 11 10 10 9 1 10 11 5 3 4 1 8 . 5 11 12 

2. 71638 10. 11 2 11 77929. . 42 11 10 1 12 49373 10 5 

9 2 10 . 11 . . 5 11 10 . 10 7 8 12 . 3 12 9 9 12 7 . 4 6 3 1 7 1 8 6 9 

888 8. 38 11 1 10 58812 11. 88536555 

8 10. 10 3583215 11 3. 31 11. 3 11. 337281592. 5 

499999199949991144996 12 1999491499 

11 11 12 9 12 2355129845781 10 11 4. 9 12. 98 11 11 59 

10 7 10 2438. 152 11 4 10 73 11 3319 10 11 33 10 7584. 12 

13 10 9 11 638 12 10 1 10 286361476744 11 10 84 10 98 10 

235 12 4473 10 10 268621 12 12 985621744 11 12 5. 4 

2 12 5 10 11 6 11 58 10 2 10 10 8565. 12 72183793 12. 439 

244 10 12 12 286579885 . 7648 10 63458 12 31 12 11 5 

6983272358 11 11 3587389632526 12 5989 10 12 

11 44 10 58. 7 11 6 12 81 10 65969738413729 11 9.1 

619861 11 5756 12. 588 11 24. 8 10 518. 9576 10 8 

7331438 11 9. 52487 12 785 11 12 9 12 12 12 16179 11 12 

858.5.8.3. .5. 8. 10 8 10. 85. 10. . .5. .5. 

87. 558. 55753835385 11 1 10. 35. 10 883 12 35 

9 12 187638281774. 6 12. 879373691 11 9449 

6 5 3 5 5 7 5 10 2 5 12 9 7 1011 6 4 8 9 5 1011 10 5 9 11 5 6 1010 . 5 

5.585. .2. 11. 5. 5. .10 8. 535. 3. 57. .85. 

10 10 5. 5. .25 11 55 8. 8. 5. 3. 5 10 5555. 

10. 58. . .55 11. 5. 58. 5. .88. . . .55 10 55 10 5 

58.8. . . .83. 10. 5. 55. .58. 588. 10 3. 8. . 

4444 12 919 12 74999491999 12 44449999444 

6 3. .10 10 46 10. 4. 376. 3. .79.3 

37. 10. . .3. 7 10 3. 3. 3. . .97.37. .6. .43 10 

3 10 3 10 4. 333. 9 10. 33. .6 10. .339 10 3. 

Let e = (2U(ei)) r Then £ 2 = (?,t),e) = E 2 . Let © 2 = (*),?, t),e). The four 
generating matrices of ©2 are given in Appendix C. Using the Magma command 
CosetAction(G, E) we obtain a faithful permutation representation of ©2 of degree 
142155 with stabilizer <£ 2 - In particular |© 2 | = 2 17 • 3 9 • 5 2 • 7 • 11 • 13. 

Using the faithful permutation representation of © 2 of degree 142155 and 
Kratzer's Algorithm 5.3.18 of [11] we calculated the representatives of the 65 con- 
jugacy classes of ©2, see Table A. 8. Furthermore, the character table of ©2 has 
been calculated by means of the above permutation representation and Magma. 
It coincides with the one of Fi 22 in [6, pp. 156-157]. 

(d) Let 3 = (yrjyf)) 10 . Then C© 2 (3) contains £) = (f),y, rj) which is isomorphic to 
H. Now |C© 2 (3)| = \H\ by Table A.8. Hence C t2 (i) ^ f). The character table of 
© 2 implies that ©2 is a simple group. This completes the proof. □ 
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Praeger and Soicher have given in [12] a nice presentation for Fischer's simple 
group R22 which we now also verify for (S2. 

Corollary 5.2. Keep the notation of Theorem 5.1. The finite simple group ©2 
is isomorphic to the finitely presented group G = (a, b, c, d, e, /, g, h, i) with the 
following set 1Z(G) of defining relations: 



2 7.2 2 

a = b = c = 


--d 2 =e 2 = f 2 = 


-g 2 = h 2 = i 2 = 


1, 




(ab) 3 = (be) 3 -- 


= (cd) 3 = (de) 3 -- 


= (eff = (fgf 


= (dh) 3 


= (hi) 3 = 1 


(acf = (ad) 2 


= (ae) 2 = (aff 


= (ag) 2 = (ah) 2 


= (aif 


= 1, 


(bd) 2 = (be) 2 - 


= {bff = (bgf ■ 


= (bh) 2 = (bi) 2 = 


= 1, 




(ce) 2 = (c/) 2 : 


= (eg) 2 = (eh) 2 


= (ci) 2 = (df) 2 = 


= {dgf - 


= (drf = 1, 


(eg) 2 = (eh) 2 


= (e*) 2 = (fh) 2 


= (fi) 2 = (gh) 2 


= (g*) 2 


-1, 


(debdefdhi) 10 


= (abedefh) 9 = 


(bedefgh) 9 = 1. 







PROOF. Using the Magma command FPGroupStrong(PG) and the faithful 
permutation representation of degree 142155 of the simple group ©2 given in The- 
orem 5.1(c) wc obtained a finite presentation of © 2 with 16 generators and too 
many relations to be stated in this article. Therefore we stated in the assertion the 
presentation of [12, p. 110]. Using its subgroup 

Q = (a, c, e, g, h, bacb, deed, fegf, dchd, dehd, (cdehi) 4 } 

as a stabilizer we obtained a faithful permutation representation of degree 142155 
for the group G = (a,b,c,d,e,f,g). An isomorphism test in Magma established 
that <5 2 =G. □ 

6. The remaining cases: E\, E 4 , and E 5 

In this section we summarize our results on the remaining cases. Using The- 
orem 5.1 we prove that the application of Algorithm 2.5 of [10] to the extension 
group E4 constructs the automorphism group Aut(Fi 2 2). In the cases of E\ and E 5 
the algorithm terminates without success. 

Corollary 6.1. Keep the notation of Lemma 2.5. Let £4 = (pi,qi,Vi) be the 
split extension of A22 = Aut(Al22) by its simple module V4 of dimension 10 over 
F = GF(2). Let 2I2 be the automorphism group of the simple group &2, and let 
f) = C© 2 (3) be the centralizer of a 2-central involution 3 of ® 2 - Then there is a 
unique maximal elementary abelian normal subgroup 03 of a Sylow 2- subgroup & 
of Sj such that N@ 2 (*B) = E4. 

Proof. In order to simplify the notation in the proof we replace Gothic let- 
ters by Roman letters and 02, 2I2 by G, A, respectively. Then G = (x,y,h,e) by 
Theorem 5.1 and t = (xye) 7 is an involution of G with a centralizer Cc(t) of index 
\G ■ Cc(t)\ — 3510 by Table A. 8. Since G is simple it has a faithful permutation 
representation PG of degree 3510. Using it, Magma has been able to calculate the 
automorphism group A of G and its order \A\ = 2 18 -3 9 • 5 2 • 7T1 • 13. Using the com- 
mand PermutationRepresentation(AutG), MAGMA produces a faithful permuta- 
tion representation PA of A of degree 3510. Let PU be the derived subgroup of PA. 
Then Magma verifies that PU ^ PG and that \PA : PU\ = 2. Let PS be a Sylow 
2-subgroup of PU and pz an involution in the center of PS. Let PH — Cp\j(pz). 
An isomorphism test shows that PH = Cq(z) where z is a 2-central involution 
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of the simple group G. Let NH = N PA (PH). Then \NH : PH\ = 2. Further- 
more, PH has a complement PC = (pu) of order 2 in NH, as has been checked 
by means of Magma. Now Sylow's Theorem asserts that pu can be chosen so 
that PS = PS pu . Another application of Magma shows that PS has a unique 
elementary abelian normal subgroup PB of order 2 10 . Since PB is a characteristic 
subgroup of PS it is normalized hy pu. Furthermore, PA = (PU,pu). Magma also 
shows that PD = Npa(PB) has order 2 18 • 3 • 5. Another isomorphism test verifies 
that PD = Ce 4 (u) where y is the 2-central involution y = (p\qiv) w of E4 given 
in Lemma 2.6. Therefore Algorithm 2.5 of [10] and Theorem 5.1 imply that the 
application of that algorithm to the extension group E4 returns the automorphism 
group A of the simple group G. □ 

Remark 6.2. Let E\ = V\ x M.22 = ( a ,b,c,d,t,g,h,i,vi) be the split exten- 
sion of M.21 by its simple module V\ of dimension 10 over F = GF(2) defined 
in Lemma 2.4. By Lemma 2.6 E\ has a unique class of 2-central involutions rep- 
resented by z — (tvi) 3 . Its centralizer D = Ce 1 (z) has a uniquely determined 
nonabelian normal subgroup Q of order 512 such that V = Q/Z(Q) is elementary 
abelian of order 2 8 , where Z(Q) = (z) denotes the center of Q. Furthermore, Q 
has a complement W in D. The Fitting subgroup B of W has order 16 and its 
complement L in W is isomorphic to the alternating group A 6 and not to S5 as 
in Proposition 3.3. Since the center of W has order 2 we applied Algorithm 7.4.8 
of [11] to construct a subgroup K of GL 8 (2) such that \K : W\ is odd. However, 
this application was not successful. 

Remark 6.3. Let E$ be the non-split extension of A22 by its simple module 
V3 of dimension 10 over F = GF(2) defined in Lemma 2.5. By Lemma 2.6, E$ 
has a unique class of 2-central involutions represented by z = p\. Its centralizer 
D = Ce 5 {z) has a uniquely determined nonabelian normal subgroup Q of order 512 
such that V = Q/Z(Q) is elementary abelian of order 2 8 , where Z(Q) = (z) 
denotes the center of Q. This time Q does not have a complement in D. The 
Fitting subgroup B of W = D/Q has order 32 and its factor group L = W/B 
is isomorphic to the symmetric group Sq. Since the center of W has order 2 we 
applied Algorithm 7.4.8 of [11] to construct a subgroup K of GL 8 (2) such that 
\K : W\ is odd. However, that application was not successful. 
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Appendix A. Representatives of conjugacy classes 

A.l. Conjugacy classes of H(Co2) — (x,y,h) 



Class 


Representative 


Class\ 


| Centralizer\ 


2P 


3P 


5P 


7P 


1 


1 


1 


2 18 ■ 3 4 • 5 ■ 7 


1 


1 


1 


1 


2i 


(xyh) 15 


1 


2 18 ■ 3 4 • 5 ■ 7 


1 


2i 


2i 


2i 


2 2 


(yh) 7 


270 


2 17 • 3 ■ 7 


1 


2 2 


2 2 


2 2 


2 3 


(y) 3 


1008 


2 14 • 3 2 ■ 5 


1 


2 3 


2 3 


2 3 


2 4 


(xyhy) 


1008 


2 14 • 3 2 ■ 5 


1 


2 4 


2 4 


2 4 


2 5 


(xy) 4 


1260 


2 ie . 3 2 


1 


2 5 


2s 


2 5 


2 6 


(xyxh 2 ) 6 


1260 


2 ie . 3 2 


1 


2 6 


2 6 


2 6 


2 7 


(x) e 


15120 


2 14 ■ 3 


1 


2 7 


2 7 


2 7 


2 S 


(*V) 3 


15120 


2 14 ■ 3 


1 


2 8 


2s 


2 8 


2 9 


(*y 4 ) 2 


22680 


2 15 


1 


2 9 


2 9 


2 9 


2io 


(xh 2 ) 3 


120960 


2 11 -3 


1 


2in 


2io 


2io 


3i 


(x 2 h) 4 


143360 


2 6 ■ 3 4 


3i 


1 


3i 


3i 


3 2 


(x) 4 


172032 


2 5 • 3 3 ■ 5 


3 2 


1 


3 2 


3 2 


3 3 


(xhy) 4 


215040 


2 7 ■ 3 3 


3 3 


1 


3 3 


3 3 


4i 


(yh 2 ) 7 


240 


2 14 . 33 . 7 


2i 


4i 


4i 


4i 


4 2 


(x 2 yh) 4 


15120 


2 14 ■ 3 


2i 


4 2 


4 2 


4 2 


4 3 


(xh 2 y) 3 


30240 


2 13 ■ 3 




4 3 


4 3 


4 3 


4 4 


(xyxh 2 ) 3 


60480 


2 12 -3 




4 4 


4 4 


4 4 


4s 


(xh 2 y 2 ) 3 


60480 


2 12 -3 


2 2 


4 5 


4s 


4 5 


4 6 


(xhyxh ) 


60480 


2 12 ■ 3 


2 6 


4 6 


4 6 


4 6 


4 7 


(x yxhxy) 


60480 


2 12 ■ 3 


2 2 


4 7 


4 7 


4 7 


4s 


(xW? 


90720 


2 13 


2 2 


4 8 


4s 


4 8 


4 9 


(x 2 y) 2 


120960 


2 11 -3 


2 5 


4 9 


4 9 


4 9 


4io 


(xhy) 3 


120960 


2 11 -3 


2 2 


4io 


4io 


4io 


4n 


(xy? 


181440 


2 12 


2 5 


4n 


4n 


4n 


4l2 


x 2 yxhyxyh 


181440 


2 12 


2 5 


4 i2 


4l2 


4 i2 


4l3 


(yh 3 ) 3 


241920 


2 10 ■ 3 


2 5 


4l3 


4l 3 


4i 3 


4l4 


(xh 3 y) 2 


362880 


2 11 


2 2 


4l4 


4l4 


4l4 


4l5 


(x 3 yhxy) 2 


362880 


2 11 


2 6 


4l5 


4l5 


4l5 


4l6 


(x) 3 


483840 


2 9 -3 


2 7 


4l6 


4l6 


4l6 


4l7 


(xy 2 ) 3 


483840 


2 9 -3 


2 7 


4l7 


4l7 


4l7 


4is 


xhy 2 


483840 


2 9 -3 


2 7 


4is 


4l8 


4is 


4l9 


(yh 4 ) 3 


483840 


2 9 ■ 3 


2 7 


4iei 


4i 9 


4iei 


4 2 o 


x 2 y 2 


725760 


2 io 


2 2 


4 20 


4 20 


4 2 o 


421 


x 2 hxy 


725760 


2 io 


2 5 


4 2 i 


4 2 i 


4 2 i 


422 


4 

xy 


2903040 


2 8 


2 9 


4 22 


4 22 


4 22 


423 


xyxh 3 y 


2903040 


2 8 


2 7 


4 2 3 


4 23 


4 23 


424 


xh y 


2903040 


2 8 


2 7 


4 2 4 


4 24 


4 2 4 


5 


xh 


12386304 


2 2 • 3 ■ 5 


5 


5 


1 


5 


6i 


(x 2 hyh) 3 


143360 


2 6 ■ 3 4 


3i 


2i 


61 


61 


62 


(xyh) 5 


172032 


2 5 • 3 3 ■ 5 


32 


2i 


6 2 


6 2 


63 


(x 3 y? 


215040 


2 7 ■ 3 3 


33 


2i 


6 3 


6 3 


64 


(x 2 h) 2 


1290240 


2 6 -3 2 


3i 


2s 


64 


6 4 


65 


(xyxh 2 ) 2 


1290240 


2 6 -3 2 


3i 


2 6 


65 


65 


6 6 


y 


2580480 


2 5 -3 2 


3 2 


2 3 


6 6 


6 6 


67 


4 

x y 


2580480 


2 5 ■ 3 2 


3 2 


2 4 


67 


67 




x 3 hxy 


2580480 


2 5 ■ 3 2 


3 3 


2 5 


6s 


6 8 


69 


x 2 yh 3 


2580480 


2 5 ■ 3 2 


3 3 


2 4 


6 9 


6 9 


610 


x 2 y 4 h 


2580480 


2 5 -3 2 


3 3 


2 6 


610 


610 


611 


x 2 hyhxh 


2580480 


2 5 -3 2 


3 2 


2 5 


611 


611 


612 


2,2 

x h !/ !■!/ 


2580480 


2 5 ■ 3 2 


3 2 


2 6 


6i 2 


6i 2 


613 


xyh 2 yh 2 


2580480 


2 5 ■ 3 2 


3 3 


2 3 


6i 3 


6i 3 


614 


(xhy) 2 


3870720 


2 6 ■ 3 


33 


2 2 


6l4 


614 


615 


M 2 


7741440 


2 5 ■ 3 


3 2 


2 7 


61s 


615 


616 




7741440 


2 5 ■ 3 


3 2 


2 8 


616 


6ie 


617 


xh 2 


15482880 


2 4 ■ 3 


3 3 


2io 


617 


617 


7 


h 


13271040 


2 3 ■ 7 


7 


7 


7 


1 
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Conjugacy classes of H(Co2) — (x,y,h) (continued) 



Class 


Representative 


| Class\ 


| Centralizer\ 


2P 


3P 


5P 


7P 


81 


(xy 3 h) 3 


967680 


2 8 ■ 3 


4i 


81 


81 


81 


82 


{x 2 yhf 


1451520 


2 9 


4 2 


82 


82 


82 


83 


(xhyh) 


1451520 


2 9 


4 2 


83 


83 


83 


84 


x l y 3 


2903040 


2 s 


4s 


84 


8 4 


8 4 


85 


x h xy 


2903040 


2 s 


4s 


85 


85 


85 


8 6 


x 2 y 


5806080 


2 7 


4 9 


8 6 


8 6 


8 6 


87 


x^yhxy 


5806080 


2 7 


4l5 


87 


87 


87 


8 8 


x 2 y 2 hyh 


5806080 


2 7 


4s 


8 8 


8g 


8 8 


89 


xh 4 yh 


5806080 


2 7 


4 9 


89 


89 


89 


8l0 


x 2 hxy 3 h 


5806080 


2 7 


4l5 


8lQ 


8lQ 


8lQ 


811 


xy 


11612160 


2 6 


4n 


811 


811 


811 


8l2 


xh 3 y 


11612160 


2 6 


4l4 


8l2 


8l2 


8l2 


8l3 


xh 2 y 2 h 


11612160 


2 6 


44 


8l3 


8l3 


8l3 


9 


y 2 h 


41287680 


2 ■ 3 2 


9 


3i 


9 


9 


10i 


(xyh) 3 


12386304 


2 2 • 3 ■ 5 


5 


10i 


2i 


10i 


10 2 


xyhy 


37158912 


2 2 ■ 5 


5 




2 4 


10 2 


10 3 


y 2 h 2 


37158912 


2 2 ■ 5 


5 


10 3 


23 


10 3 


12i 


xh 2 xh 2 y 2 


860160 


2 5 ■ 3 3 


61 


4i 


12i 


12i 


12 2 


x y 


2580480 


2 5 ■ 3 2 


63 


4i 


12 2 


12 2 


12 3 


xyxh 2 


7741440 


2 5 ■ 3 


65 


4 4 


12 3 


12 3 


12 4 


xh 2 y 2 


7741440 


2 s ■ 3 


614 


4 5 


12 4 


12 4 


12 5 


xy 4 h 


7741440 


2 5 ■ 3 


61 


4 2 


12 5 


12 5 


12 6 


xhyxh 2 


7741440 


2 s ■ 3 


65 


4 6 


12 6 


12 6 


12 7 


x yxhxy 


7741440 


2 5 ■ 3 


614 


4 7 


12 7 


12 7 


12 8 


X 


15482880 


2 4 ■ 3 


615 


4l6 


12s 


12s 


12g 


x 2 h 


15482880 


2 4 ■ 3 


64 


4 9 


12 9 


12g 


12io 


xy 2 


15482880 


2 4 ■ 3 


615 


4l7 


12io 


12io 


12n 


xhy 


15482880 


2 4 ■ 3 


614 


4io 


12n 


12n 


12l2 


xh y 


15482880 


2 4 ■ 3 


614 


4 3 


12l2 


12l2 


12l3 


yh 3 


15482880 


2 4 -3 


64 


4l3 


12l4 


12l3 


12i4 


(yh 3 ) 5 


15482880 


2 4 -3 


64 


4l3 


12l3 


12l4 


12l5 


yh 4 


15482880 


2 4 ■ 3 


615 


4l9 


12i 5 


12l5 


12l6 


2 2 . 

x y hy 


15482880 


2 4 -3 


615 


4is 


12l6 


12l6 


14i 


(yh 2 ) 2 


13271040 


2 3 ■ 7 


7 


14i 


14i 


2i 


14 2 


yh 


26542080 


2 2 ■ 7 


7 


14 3 


14 3 


2 2 


14 3 


(yh) 3 


26542080 


2 2 ■ 7 


7 


14 2 


14 2 


2 2 


15 


(xyh) 2 


24772608 


2-3-5 


15 


5 


3 2 


15 


I61 


x 2 yh 


23224320 


2 5 


8 2 


I61 


I61 


I61 


16 2 


xhyh 


23224320 


2 5 


83 


16 2 


16 2 


I62 


18 


x 2 hyh 


41287680 


2 ■ 3 2 


9 


61 


18 


18 


24 


xy 3 h 


30965760 


2 3 ■ 3 


12 2 


81 


24 


24 


28 


yh 2 


26542080 


2 2 ■ 7 


14i 


28 


28 


4i 


30 


xyh 


24772608 


2-3-5 


15 


10i 


62 


30 
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A. 2. Conjugacy classes o/.D (C02) = (x,y) 



Class 


Representative 


| Class\ 


Centralizer\ 


2P 


3P 


5P 


1 


1 


1 


2 1S • 3 2 • 5 


1 


1 


1 


2i 


(x 3 yf 


1 


2 1S • 3 2 • 5 


1 


2i 


2i 


2 2 




16 


2 14 • 3 2 • 5 


1 


2 2 


2 2 


2 3 


(x 4 yxy 2 ) 5 


16 


2 14 • 3 2 • 5 


1 


2 3 


2 3 


2 4 


(*V) 4 


30 


2 17 -3 


1 


2 4 


2 4 


2 5 


(xy) 4 


60 


2 16 • 3 


1 


2 5 


2 5 


2 6 


(x 4 yxy) 4 


60 


2 16 • 3 


1 


2 6 


2 6 


2 7 


(x) 6 


240 


2 14 -3 


1 


2 7 


2 7 


2g 


(*V) 2 


240 


2 14 -3 


1 


2g 


2 8 


2g 




240 


2 14 -3 


1 


2g 


2 9 


2io 


(x 4 yxy 3 ) 3 


240 


2 14 -3 


1 


2io 


2io 


2n 


(x 2 y 3 xy 3 xy) 3 


240 


2 14 • 3 


1 


2n 


2n 


2l2 




360 


2 15 


1 


2l2 


2l2 


2l3 


(y) 3 


480 


2 13 • 3 


1 


2l3 


2l3 


2l4 


(x 4 y) 3 


480 


2 13 • 3 


1 


2 i4 


2i 4 


2l5 


(x 2 yxyxy) 3 


480 


2 13 -3 


1 


2is 


2l5 


2l6 


(xy 2 xy 3 ) 3 


480 


2 13 -3 


1 


2l6 


2l6 




(x yxyxy x y ) 


720 


2 14 


1 


2l7 


2l7 


2l8 


x yxy x yxyx y 


1440 


2 13 


1 


2l8 


2l8 


2l9 


(x 2 y 3 xy) 3 


1920 


2 11 -3 


1 


2l9 


2l9 


220 


(x 3 y 3 xy) 2 


2880 


2 12 


1 


220 


220 


2 2 l 


2 2 4 

x yxyxy xy 


2880 


2 12 


1 


2 2 l 


2 2 l 


222 


x 3 y 4 x 2 yx 2 yxy 2 


2880 


2 12 


1 


2 2 2 


2 22 


223 


4 

xyxyxyxy 


5760 


2 11 


1 


2 2 3 


2 2 3 


224 


x 3 yx 2 yxyxyx 2 y 


5760 


2 11 


1 


2 24 


224 


3i 


(x 3 y) 4 


10240 


2 7 ■ 3 2 


3i 


1 


3i 


3 2 


(x) 4 


40960 


2 5 ■ 3 2 


3 2 


1 


3 2 


4i 


(x 3 J/) 3 


240 


2 14 -3 


2i 


4i 


4i 


4 2 


/ 2 2 3 

(x yxyxy ) 


480 


2 13 • 3 


2 4 


4 2 


4 2 


4 3 


(x 2 yxy 2 ) 4 


720 


2 14 


2i 


4 3 


4 3 


4 4 


(x 4 y 3 xy) 3 


960 


2 12 • 3 


2 4 


4 4 


4 4 


4 5 


(x 2 yxy 3 xy 3 ) 3 


960 


2 12 • 3 


2 4 


4 5 


4 5 


4 6 


(x 4 yx 2 y) 2 


1440 


2 13 


2 4 


4 6 


4 6 


4 7 


t 2 3\3 

(x yxy ) 


1920 


2 11 -3 


2 4 


4 7 


4 7 


4 8 


(xy) 2 


2880 


2 12 


2 5 


4 8 


4s 


4g 


(x 4 yxy) 2 


2880 


2 12 


2 6 


4 9 


4 9 


4io 


x 7 yxy 


2880 


2 12 


2 4 


4io 


4io 


4n 


3 3 2 2 

x yxy x y 


2880 


2 12 


2 5 


4n 


4n 


4l2 


7 4 

x yxy 


2880 


2 12 


2 4 


4l2 


4l2 


4l3 


x 6 yxyxy 3 


2880 


2 12 


2 4 


4l3 


4l3 


4l4 


2 2 4 

x y xyxy xy 


2880 


2 12 


2i 


4i 4 


4i 4 


4l5 


5 2 2 2 

x yx yx yx y 


2880 


2 12 


2 4 


4l5 


4l5 


4l6 


x 3 yx 3 yx 2 y 3 xy 


2880 


2 12 


2 4 


4l6 


4l6 


4l7 


x 3 yxyx 2 yx 2 y 2 xy 2 


2880 


2 12 


2 6 


4l7 


4l7 


4l8 


3 2 2 2 2 

x y x yxyx yxy 


2880 


2 12 


2 4 


4l8 


4l8 


4l9 


(x 2 y) 2 


5760 


2 11 


2 5 


4l9 


4l9 


4 2 o 


(*V) 2 


5760 


2 11 


2 4 


4 2 o 


4 2 o 


4 2 i 


x 2 yxy 3 xy 


5760 


2 11 


2 5 


4 2 i 


4 2 l 


4 2 2 


(x 5 yx 3 y) 2 


5760 


2 11 


2 6 


4 2 2 


4 2 2 


4 2 3 


3 3 2 

x yxyx y 


5760 


2 11 


2 5 


4 23 


4 23 


4 2 4 


6 2 2 2 

x yx yxy 


5760 


2 11 


2 4 


4 24 


4 24 


4 2 5 


x 2 yxyxyxyxy 2 x 2 y 2 


5760 


2 11 


2 4 


4 25 


4 2 5 


4 2 6 


x 5 y 5 xy 4 xy 


5760 


2 11 


2 4 


4 26 


4 2 6 


4 2 7 


(x) 3 


7680 


2 9 -3 


2 7 


4 27 


4 2 7 


4 2 8 


(xy 2 ) 3 


7680 


2 9 -3 


2 7 


4 2 8 


428 


429 


(x 6 yf 


7680 


2 9 -3 


2 7 


4 29 


4 29 


4 3 o 


xyxy 4 


7680 


2 9 -3 


2 7 


4so 


4 3 o 
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Conjugacy classes of D(Co2) = (x,y) (continued) 



Class 


Representative 


| Class\ 


| Centralizer\ 


2P 


3P 


5P 


4;?1 


x l y i 


11520 


2 io 


2 8 


431 


431 


432 


(x 3 y 2 xy 3 ) 2 


11520 


2 io 


2 8 


432 


432 


433 


11 4 

x y xy 


11520 


2 io 


2 5 


433 


433 


434 


2 2 2 5 

x y x y 


11520 


2 io 


2 8 


434 


434 


435 


4 4 

x yx yxy 


11520 


2 io 


2 5 


4 3 s 


4 3 5 


4 3 6 


x 4 yxyx 2 yxy 


11520 


2 io 


2s 


436 


4 3 6 


437 


1 222 
x yxy x y xy 


11520 


2 io 


2 4 


437 


437 


43 s 


x 2 yxy 2 xyxy 3 


11520 


2 io 


2 4 


4 38 


438 


439 


x 4 yxyx 3 yxy 


11520 


2 io 


2 4 


439 


439 


440 


x 2 yxyx 2 y 3 xy 2 


11520 


2 io 


2 6 


4 4 o 


440 


441 


2 4 2 

x yxy xyxy 


11520 


2 io 


2 4 


4 4 i 


4 4 l 


442 


2 2 2 3 3 

x y x y xy 


11520 


2 io 


2 5 


4 4 2 


442 


443 


4 2 3 2 

x yx yx y xy 


11520 


2 io 


2 8 


4 4 3 


443 


444 


/ 3 2\3 

(x yxyxy ) 


15360 


2 8 • 3 


2 8 


4 44 


444 


445 


2 2 


23040 


2 9 


2 8 


4 45 


445 


446 


3 32 
x yxyxyx y 


23040 


2 9 


2 8 


4 46 


446 


447 


xy 4 


46080 


2 s 


2l2 


4 4 7 


447 


448 


x 3 y 3 xy 


46080 


2 s 


2 20 


4 48 


448 


449 


x y 


46080 


2 s 


220 


4 49 


449 


4 50 


x 2 y 3 xyxy 


46080 


2 8 


220 


4 5 o 


4 5 o 


4 5 l 


x 4 yxy 2 xy 


46080 


2 s 


27 


4si 


4 5 l 


4 5 2 


7 2 
x yxy 


46080 


2 s 




4 5 2 


4 5 2 


453 


x® yxyxy 


46080 


2 s 


220 


4 53 


4 5 3 


454 


8 2 
x yx y 


46080 


2 s 


2 7 


4 5 4 


4 5 4 


455 


7 3 
a; ya:y 


46080 


2 s 


220 


4 5 s 


455 


4 5 6 


7 3 

a; y xy 


46080 


2 8 


220 


4 5 6 


4 5 6 


4 5 7 


x Q y 2 xyxy 


46080 


2 s 


220 


4 5 7 


4 5 7 


458 


x 2 yxyxy 2 x 2 y 2 


46080 


2 s 


2l7 


45 8 


458 


459 


3 3 2 3 

x yx yx y 


46080 


2 s 


2l7 


459 


459 


460 


5 3 3 

x yx y xy 


46080 


2 s 


2 8 


460 


4eo 


5 


xy 3 


589824 


2" ■ 5 


5 


5 


1 


61 


(x 3 y) 2 


10240 


2 7 • 3 2 


3i 


2i 


61 


62 


5 2 2 

ic y xy 


40960 


2 5 -3 2 


3 2 


2 3 


62 


63 


xyxyxyxy 3 


40960 


2 5 • 3 2 


3 2 


2 2 


63 


64 


6 2 2 2 

xyxy 


40960 


2 5 • 3 2 


3 2 


2i 


6 4 


65 


3 2 3 2 

a; y a;y a;y 


40960 


2 5 • 3 2 


3i 


2 2 


65 


6e 


x 2 yx 2 y 2 xyxy 2 


40960 


2 5 • 3 2 


3i 


2 3 


6 6 


67 


(x 2 yxy 3 ) 2 


61440 


2 6 • 3 


3i 


2 4 


67 


6 8 


M 2 


122880 


2 5 • 3 


3 2 


2 7 


6 8 


69 


*V 


122880 


2 5 • 3 


3 2 


2g 


69 


610 


x 4 yxy 3 


122880 


2 5 • 3 


3i 


2io 


610 


611 


(x 3 yxyxy 2 ) 2 


122880 


2 5 • 3 


3i 


2 8 


611 


612 


x 3 yxyxy 3 


122880 


2 5 • 3 


3 2 


2 6 


612 


613 


x 3 y 2 xy 4 


122880 


2 5 • 3 


3 2 


2 5 


613 


614 


x 2 y 3 xy 3 xy 


122880 


2 5 • 3 


3i 


2n 


614 


615 


y 


245760 


2 4 • 3 


3 2 


2l3 


615 


6ie 


4 

x y 


245760 


2 4 • 3 


3 2 


2l4 


6ie 


617 


x 2 yxyxy 


245760 


2 4 • 3 


3 2 


2l5 


617 


61s 


x 2 y 3 xy 


245760 


2 4 • 3 


3i 


2l9 


6is 


619 


2 3 
xy xy 


245760 


2 4 • 3 


3 2 


2l6 


619 



42 HYUN KYU KIM AND GERHARD O. MICHLER 

Conjugacy classes of D(Co2) = (x,y) (continued) 



Class 


Representative 


Class\ 


| Centralizer\ 


2P 


3P 


5P 


81 


(x 3 y 2 xyxy) 3 


15360 


2 8 ■ 3 


4i 


81 


81 


82 


1 1 2 \2 

(2; y:cy ) 


23040 


2 9 


4 3 


82 


82 


83 


(a- 3 yiEy 2 ) 2 


23040 


2 9 


4 3 


83 


83 


84 


3 32 
a: ya: y 


46080 


2 s 


4 6 


84 


84 


8s 


x 3 yx 2 yxyxy 2 


46080 


2 s 


4 3 


85 


85 


8 6 


2 2 2 2 3 

a; yx y x y 


46080 


2 s 


4i 


8 6 


8 6 


87 


x 5 yx 2 y 2 xy 2 


46080 


2 s 


4i 


87 


87 


8 8 


x A yx 2 yxyx 2 y 


46080 


2 s 


4 6 


8s 


8s 


89 


x 3 yx 3 y 3 x 2 y 


46080 


2 s 


4 3 


89 


89 


8l0 


x 2 y 


92160 


2 7 


4l9 


8lQ 


8lQ 


811 


x 4 y 3 


92160 


2 7 


420 


811 


811 


8l2 


4 2 

^ v x y 


92160 


2 7 


4 6 


8l2 


8l2 


8l3 


3 3 

x yxy 


92160 


2 7 


420 


8l3 


8l3 


8l4 


x 2 yxyxy 3 


92160 


2 7 


420 


8l4 


8l4 


815 


x 5 yx 3 y 


92160 


2 7 


4 2 2 


8l5 


8l5 


8l6 


x 3 'yxy 2 xy 2 


92160 


2 7 


4 2 2 


8l6 


8l6 


8l7 


x yxyxy 


92160 


2 7 


4 2 o 


8l7 


8l7 


8l8 


x y x y 


92160 


2 7 


4l9 


8l8 


8l8 


8l9 


xy 


184320 


2 6 


4s 


8l9 


8l9 


820 


x 4 yxy 


184320 


2 6 


4 9 


820 


820 


82 1 


x 3 y 2 xy 3 


184320 


2 6 


432 


82 1 


82 1 


822 


x 4 y 2 xy 3 


184320 


2 6 


432 


822 


822 


823 


x 4 y 3 xy 2 


184320 


2 6 


431 


823 


823 


824 


4 2 2 
x yx yxy 


184320 


2 6 


431 


824 


824 


825 


5 4 2 

x yx y xy 


184320 


2 6 


424 


825 


825 


10i 


x 5 y 


589824 


2 2 -5 


5 


10i 


2 2 


10 2 


4 2 
x yxy 


589824 


2 2 ■ 5 


5 


10 2 


2 3 


10 3 


x 3 yxyxy 


589824 


2 2 ■ 5 


5 


IO3 


2i 


12i 


x 3 y 


122880 


2 s ■ 3 


61 


4i 


12i 


12 2 


4 3 

x y xy 


122880 


2 s ■ 3 


67 


4 4 


12 2 


12 3 


x 2 yxy 3 xy 3 


122880 


2 s ■ 3 


67 


4 5 


12 3 


12 4 


X 


245760 


2 4 ■ 3 


6s 


4 2 7 


12 4 


12 5 


xy 2 


245760 


2 4 -3 


6s 


4 2 8 


12 5 


12 6 


x 6 y 


245760 


2 4 -3 


6s 


4 2 9 


12 6 


12 7 


x 2 yxy 3 


245760 


2 4 -3 


67 


4 7 


12 7 


12g 


x 2 yxyxy 2 


245760 


2 4 -3 


67 


4 2 


12s 


12 9 


x 3 y 2 xy 5 


245760 


2 4 ■ 3 


6s 


4so 


12 9 


12io 


x 3 yxyxy 2 


491520 


2 3 -3 


611 


4 44 


12io 


I61 


x 2 yxy 2 


368640 


2 5 


82 


I61 


I61 


I62 


x 3 yxy 2 


368640 


2 5 


83 


16 2 


I62 


24 


x 3 y 2 xyxy 


491520 


2 3 ■ 3 


12i 


81 


24 



SIMULTANEOUS CONSTRUCTIONS OF THE SPORADIC GROUPS Co 2 AND Fi ; 

A. 3. Conjugacy classes of E3 = E(Co2) = (x,y,e) 



Class 


Representative 


| Class\ 


Centralizer\ 


2P 


3P 


5P 


7P 


IIP 


1 


1 


1 


2 1S • 3 2 ■ 5 • 7 ■ 11 


1 


1 


1 


1 


1 


2i 


(xj/e) s 


77 


2 18 ■ 3 2 • 5 


1 


2i 


2i 


2i 


2i 


2 2 


(x) 6 


330 


2 17 ■ 3 • 7 


1 


2 2 


2 2 


2 2 


2 2 


2 3 


(xe) 1 " 


616 


2 15 ■ 3 2 • 5 


1 


2 3 


2 3 


2 3 


2 3 


2 4 


(x 2 ey) 7 


2640 


2 14 -3-7 


1 


2 4 


2 4 


2 4 


2 4 


2 5 


(xy 2 e) 7 


2640 


2 14 -3-7 


1 


2 5 


2 5 


2 5 


2 5 


2 6 


(e) 2 


18480 


2 14 • 3 


1 


2 6 


2 6 


2 6 


2 6 


2 7 


fe) 3 


36960 


2 13 • 3 


1 


2 7 


2 7 


2 7 


2 7 


2g 


(xe 3 ) 5 


44352 


2 12 • 5 


1 


2 8 


2 8 


2s 


2 8 


2g 


(x 2 i/e 3 y) 2 


55440 


2 14 


1 


2 9 


2 9 


2 9 


2 9 


3 


(x) 4 


788480 


2 7 • 3 2 


3 


1 


3 


3 


3 


4i 


(x 3 yf 


18480 


2 14 -3 


2i 


4i 


4i 


4i 


4i 


4 2 


(y 2 e 2 ) 3 


36960 


2 13 • 3 


2 2 


4 2 


4 2 


4 2 


4 2 


4 3 


(xe 2 ) 4 


55440 


2 14 


2i 


4 3 


4 3 


4 3 


4 3 


4 4 


(?/e) 3 


73920 


2 12 • 3 


2 2 


4 4 


4 4 


4 4 


4 4 


45 


(zy 2 ) 3 


73920 


2 12 • 3 


2 2 


4 5 


4 5 


45 


4 5 


4e 


( x y) 2 


110880 


2 13 


2 2 


4 6 


4 6 


4e 


4 6 


4 7 


(x) 3 


147840 


2 11 • 3 


2 2 


4 7 


4 7 


4 7 


4 7 


4g 


x yx eyxe 


221760 


2 12 


2i 


4 8 


4g 


4s 


4 8 


4g 


(x 3 yey 2 ) 2 


443520 


2 11 


2 2 


4 9 


4g 


4 9 


4 9 


4io 


xyxe 3 xe 


443520 


2 11 


2 2 


4io 


4io 


4io 


4io 


4n 


xy 3 exe 2 


443520 


2 11 


2 2 


4n 


4n 


4n 


4n 


4l2 


(xe) 


709632 


2 8 -5 


2 3 


4l2 


4l2 


4l2 


4l2 


4l3 


e 


887040 


2 io 


2 6 


4l3 


4l3 


4l3 


4l3 


4l4 


(xy 2 e 2 ) 2 


887040 


2 io 


2 6 


4l4 


4l4 


4l4 


4l4 


4is 


x 2 e 2 y 3 e 


887040 


2 io 


2 6 


4is 


4l5 


4is 


4is 


4l6 


x 8 y 


887040 


2 io 


2 6 


4l6 


4l6 


4l6 


4l6 


4l7 


(x 3 y 2 e) 3 


1182720 


2 8 -3 


2 6 


4l7 


4l7 


4l7 


4l7 


4l8 


2 2 

x y 


1774080 


2 9 


2e 


4l8 


4is 


4l8 


4is 


4l9 


22 3 
x y xe° 


1774080 


2 9 


2 6 


4l9 


4l9 


4l9 


4l9 


4 2 o 


x 2 ye 3 y 


3548160 


2 s 


2 9 


4 2 o 


4 20 


4 2 o 


4 2 o 


4 2 i 


x 2 ex eye 


3548160 


2 s 


2 6 


4 2 i 


4 2 i 


4 2 i 


4 2 i 


4 22 


2 3 
xye y 


3548160 


2 s 


2 9 


4 2 2 


4 22 


4 2 2 


4 2 2 


5 


(xe) 4 


22708224 


2 3 • 5 


5 


5 


1 


5 


5 


61 


(x 3 y) 2 


788480 


2 7 • 3 2 


3 


2i 


61 


61 


61 


62 


*V 


3153920 


2 5 -3 2 


3 


2 3 


62 


6 2 


62 


63 


xyxe 2 y 


3153920 


2 5 • 3 2 


3 


2i 


63 


63 


63 


64 


(x) 2 


4730880 


2 6 -3 


3 


2 2 


64 


64 


64 


65 




9461760 


2 s • 3 


3 


2 4 


65 


65 


65 


6 6 


x 2 yxe 


9461760 


2 s • 3 


3 


2 6 


6 6 


6 6 


6 6 


67 


x 3 e 3 


9461760 


2 s • 3 


3 


2 5 


67 


67 


67 


6 8 


V 


18923520 


2 4 • 3 


3 


2 7 


6 8 


6s 


6 8 


7i 


x 2 e 


32440320 


2 2 • 7 


7i 


7 2 


7 2 


1 


7i 


7 2 


(x 2 e) 3 


32440320 


2 2 • 7 


7 2 


7i 


7i 


1 


7 2 
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Conjugacy classes of E3 — E{Go2) = (x,y,e) (continued) 



Class 


Representative 


Class\ 


| Centralizer\ 


2P 


3P 


5P 


7P 


IIP 


81 


(x 2 exe 2 f 


1182720 


2 8 • 3 


4i 


81 


81 


81 


81 


82 


(xe 2 ) 2 


1774080 


2 9 


4 3 


82 


82 


82 


8 2 


83 


x 3 ye 


1774080 


2 9 


4 3 


83 


83 


83 


83 


84 


x 2 y 


3548160 


2 s 


4 6 


84 


84 


84 


84 


85 


3 2 
x e 


3548160 


2 8 


4 6 


85 


85 


85 


85 


8e 


2 2 
x yey 


3548160 


2 8 


4i 


8 6 


8 6 


8 6 


8e 


87 


x 2 eyxe 


3548160 


2 8 


4 3 


87 


87 


87 


87 


8s 


4 2 
xy e 


3548160 


2 8 


4 3 


8 8 


8 8 


8s 


8s 


89 


322 
ary e y 


3548160 


2 8 


4i 


89 


8 9 


89 


89 




xy 


7096320 


2 7 


4 6 


8lO 


8l0 


8l0 


8l0 


811 


2 2 
x e y 


14192640 


2 6 


4l3 


811 


811 


811 


811 


8l2 


2 2 
xy e 


14192640 


2 6 


4l4 


8l2 


8l2 


8l2 


8l2 


813 


yeye 2 


14192640 


2 6 


4l 3 


8l3 


8l3 


813 


8l3 


8l4 


222 
x e y 


14192640 


2 6 


4l4 


8l4 


8l4 


8l4 


8l4 


815 


x 3 yey 2 


14192640 


2 6 


4 9 


815 


815 


815 


815 


10i 


(xe) 2 


22708224 


2 3 -5 




10i 


2 3 


10i 


10i 


10 2 


xye 


45416448 


2 2 ■ 5 




10 2 


2i 


10 2 


10 2 


10 3 




45416448 


2 2 • 5 


5 


10 3 




10 3 


IO3 


11 


xy xe 


82575360 


11 


11 


11 


11 


11 


1 


12i 


ye 


9461760 


2 s • 3 


64 


4 4 


12i 


12! 


12i 


12 2 


xy 2 


9461760 


2 5 • 3 


64 


4 5 


12 2 


12 2 


12 2 


12 3 


x 3 y 


9461760 


2 5 • 3 


6l 


4i 


12 3 


12 3 


12 3 


12 4 


X 


18923520 


2 4 • 3 


64 


4 7 


12 4 


12 4 


12 4 


12 5 


2 2 
y e 


18923520 


2 4 • 3 


64 


4 2 


12 5 


12 5 


12 5 


12 6 


x 3 y 2 e 


37847040 


2 3 • 3 


6e 


4l7 


12 6 


12 6 


12 6 


14i 


x 2 ey 


32440320 


2 2 • 7 


7i 


14 2 


14 2 


2 4 


14i 


14 2 


(x 2 eyf 


32440320 


2 2 • 7 


7 2 


14i 


14i 


2 4 


14 2 


14 3 


xy 2 e 


32440320 


2 2 • 7 


7 2 


14 4 


14 4 


2 5 


14 3 


14 4 


(xy 2 ef 


32440320 


2 2 • 7 


7i 


14 3 


14 3 


2 5 


14 4 


14 5 


xeye 


32440320 


2 2 • 7 


7 2 


14 6 


14 6 


2 2 


14 5 


14 6 


(xeye) 3 


32440320 


2 2 • 7 


7i 


14 5 


14 5 


2 2 


14 6 


I61 


xe 2 


28385280 


2 5 


8 2 


I61 


I61 


I61 


I61 


16 2 


xyxey 


28385280 


2 5 


83 


16 2 


I62 


16 2 


16 2 


20 


xe 


45416448 


2 2 • 5 


10i 


20 


4l2 


20 


20 


24 


2 2 
x exe 


37847040 


2 3 • 3 


12 3 


81 


24 


24 


24 
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A. 4. Conjugacy classes 0/63 = (h,x,y,e) = C02 



Class 


Representative 


Class\ 


Centralizer\ 


2P 


3P 


5P 


7P 


IIP 


23P 


\ 




1 


9 1S . S 6 . ^ 3 - 7 . 1 1 -93 


1 












*l 




56925 


2 1S • 3 4 • 5 ■ 7 


1 


^1 


^1 


2-i 


9i 
■^1 


9i 


9n 

■^2 


(X) 




2 17 ■ 3 2 ■ 5 ■ 7 




2o 


2d 


2o 


9, 
■^2 


9n 

z 2 


9o 


\y ) 


28690200 


2 15 ■ 3 2 ■ 5 




^3 


9o 
^3 


9o 
■^3 


2 3 


9o 
A3 


Q , 


(r 2 h) 4 
yd, ii) 


90675200 




■3., 


]^ 


T , 
<->! 


T , 
-->1 


■3., 


T , 
-->1 


3 2 


(x) 4 


272025600 


2 7 ■ 3 5 ■ 5 


So 




So 


3 2 


3 2 


3 2 


4i 




1 ^fifi9ono 


2 14 ■ 3 3 ■ 7 


9, 


4i 


A-i 

4:1 


4t 

4:1 


4i 

4:1 


4i 

4:1 


4? 




344282400 






4o 


4o 


4o 


4o 


4o 


*±3 




^7^S04000 

•-} 1 OOUtiUUU 


2 13 . 3 2 


2o 


4o 
4:3 


4o 
4:3 


4o 

4:3 


4o 
4:3 


4o 

4:3 


4i 

4:4 




sfi070fiooo 

OUU 1 uuuuu 


2 14 ■ 3 


9-. 


4:4 


4:4 


4:4 


4 . 

4:4 


Aa 
4:4 


4k 
4:5 


(X) 


fiss c >fi4snnn 


2 11 ■ 3 


9o 


4:5 


4k 

4:5 


4c 

4:5 


Ak 

4:5 


4c 

4:5 


4c 


(-rhehi 2 


fiss^fi4sooo 


2 11 ■ 3 


9o 
^2 


4« 
4:6 


4« 

4:6 


Aa 

4:6 


4« 
4:6 


4c 
4:6 


4-, 




Q^n^i 1 i 0400 


2 8 ■ 5 


9o 
^3 


4-T 

4:7 


4-7 

4:7 


A-7 

4:7 


4-T 

4:7 


4-7 

4:7 


^1 


(xhye) 


1 41 01 S071 04 


2 3 ■ 3 • 5 3 


^1 


■Jl 




■~>1 


^1 
O 1 


^1 


^n 




70^000^^90 


2 3 ■ 3 • 5 2 


c; 
02 


02 




o 2 


'Sn 

02 


^n 
02 


fii 


(x 2 h) 2 


7S44fi01 90D 


2 7 ■ 3 2 ■ 5 


t .. 


■^2 


Ul 


fii 
^1 


fii 
^l 


fii 
Ul 


fin 


<r 2 eh\ 2 


ei fi07fiS000 


2 6 ■ 3 4 


t .. 
"1 


9-. 
■^1 


fin 

U2 


fin 


fin 

U2 


fin 
K>2 


fio 


yxyri) 


0709091 fion 


2 5 ■ 3 3 ■ 5 


02 


9. 
■^1 


fio 

03 


fio 

03 


fio 
03 


fio 
O3 


fii 


(nhp) 4 
yync) 


1 9941 1 S9000 

1 Z 4: 1 liMUUU 


2 7 • 3 3 


02 


9. 
■^1 


fi^ 

U4 


fi^ 

U4 


fii 

U4 


fii 

U4 


g_ 




7144fi01 9000 


2 6 • 3 2 


02 


■^2 




fie 


fi E 


fi E 
D5 


u 6 


y 


1 4fiS0SS94000 


2 s • 3 2 


02 


9„ 
z 3 


fie 


fie 


fic 


fic 


7 


h 


7^4^3059000 


2 3 ■ 7 


7 


7 


7 




7 


7 




yyrie) 


550851 S4000 


2 8 • 3 


4i 


Si 

«1 


Si 


Si 


Si 

«i 


Si 


Sn 


(h 2 e) 3 

(n e) 


550851 S4000 


2 8 ■ 3 


4o 

"*3 


02 


Sn 
02 


Sn 


Sn 
02 


Sn 


«3 


(re 2 ) 2 
(xe ) 


S9fi9777fi000 


2 9 


4, 

■4:4 


So 

03 


So 
S3 


So 

03 


So 
03 


So 
S3 


04 


\x yri) 


S9fi9777fi000 


2 9 


4^ 

4:4 


s^ 

04 


S/i 
04 


S/i 
04 


04 


S/i 
04 


Sr 


xy 


1 fi P i9^ c 1 ^ c i9non 


2 s 


4o 
^3 


s, 
05 


s. 
05 


Sc 


Sc 
05 


Se 

05 


Sc 
°6 


xfoefo 


fifii 09990S000 


2 6 


4^ 


s„ 

06 


a„ 


Se 


Sc 
06 


Sc 


9 


ii 2 h 


7S'341' : t79S000 


2 • 3 3 


9 




9 


9 


9 


9 


1 Di 

-LU1 


xhye 


3595451 77fiOD 

OvJZiJ4:v)l 1 1 UVJU 


2 3 ■ 3 • 5 


^1 
01 


1 Di 

-LUl 


9n 

z 2 


1 Oi 
1U1 


1 Oi 

1U1 


1 0i 

1U1 


102 


frith} 3 


70^000^^^900 


2 2 ■ 3 • 5 


^n 
02 


102 


9, 
^1 


102 


10 2 


102 


1 Do 

J- U 3 


(re, 2 

(xe) 


1 c i7fi'i c i c i^9S00 


2 3 ■ 5 


02 


1 Oo 

J- u 3 


9o 
^3 


IO3 


1 Oo 

11 '3 


1 Oo 

11 '3 


11 




SS4 c i047'}09000 


11 


11 


11 


11 


11 


]^ 


11 


1 9i 


f.2 

xyxii 


4S0fi4fi0S000 


2^ • 3 3 


U2 


4i 

4:1 


1 9i 


1 9i 
±z 1 


1 9i 
±zi 


1 9i 
iz 1 


1^2 


ye 


1 4fiS0SS94000 


2 5 • 3 2 


fir; 


4o 

4:3 


1 9n 


1 9n 
1^2 


1 9n 

1^2 


1 9n 

1^2 


1 9o 
-L-^3 


x 2 h 


1 4fiS0SS94000 


2 5 3 2 


fii 


4o 
4:3 


1 9o 
1^3 


1 9o 
1^3 


1 9o 
1^3 


1 9o 
IZ3 


124 


fithr, 2 


1 4fiS0SS94000 


2 5 ' 3 2 ' 


U4 


4l 

4:1 


124 


124 


124 


124 


125 


xy 


440fiS1 479000 


2 5 • 3 


fie 


4o 
4:2 


1 9c 
±Z5 


1 9c 


125 


1 9k 


1 9 c 
J- ^6 




440fiS1 479000 


2 5 ■ 3 


fio 

U2 


4. 

4:4 


1 9 c 


1 9 C 


1 9c 


1 9c 
1^6 


1 9-7 

1^7 




SSI Sfi9044000 


2 4 ■ 3 


fie 


4 C 

4:5 


1 9-7 

1Z7 


1 9- 
1^7 


1 9t 
1Z7 


1 9-T 

1Z7 


1 9c 
1Z8 


yn 


SSI Sfi9044000 


2 4 ■ 3 


fi-1 


4^ 

4:6 


1 9o 


1 9o 


1 9o 


1 9o 
izs 


1 4i 


(nh 2 ) 2 


7^ ^4^ SO ^9000 


2 3 ■ 7 


7 


1 4t 

J- 4:1 


1 4i 


9, 
^1 


1 4i 

14:1 


1 4i 

14:1 


14:2 


yh 


1 ^ 1 0007004000 


2 2 ■ 7 


7 


1 4o 

J- 4: 3 


1 4o 

J-4:^ 


9n 

■^2 


14 2 


142 


J- ^3 


(nh} 3 

\y n ) 


1 M 0007004000 


2 2 ■ 7 


7 


142 


142 


9n 

z 2 


1 4o 

14:3 


1 4o 

' 4:3 


15i 


he 


1410180710400 


2-3-5 


15i 


5 2 


3 2 


15 1 


15 1 


15 1 


15 2 


(ye 2 h) 2 


1410180710400 


2-3-5 


15 2 


5i 


3i 


15 3 


153 


15 2 


15 3 


(ye 2 h) 14 


1410180710400 


2-3-5 


15 3 


5i 


3i 


15 2 


15 2 


15 3 


I61 


2 

xe 


1322044416000 


2 5 


83 


I61 


I61 


I61 


I61 


I61 


I62 


x 2 yh 


1322044416000 


2 5 


84 


I62 


I62 


I62 


I62 


I62 


18 


yeh 2 


2350301184000 


2 - 3 2 


9 


62 


18 


18 


18 


18 


20i 


xe 


2115271065600 


2 2 ■ 5 


10 3 


20i 


4 7 


20i 


20i 


20i 


20 2 


xehe 


2115271065600 


2 2 ■ 5 


10i 


20 2 


4 2 


20 2 


20 2 


20 2 


23i 


x 2 yhe 


1839366144000 


23 


23i 


23i 


23 2 


23 2 


23 2 


1 


23 2 


(x 2 yhef 


1839366144000 


23 


23 2 


23 2 


23i 


23i 


23i 


1 


24i 


yhe 


1762725888000 


2 3 ■ 3 


12 4 


81 


24i 


24i 


24i 


24i 


24 2 


h 2 e 


1762725888000 


2 3 ■ 3 


12 3 


82 


24 2 


24 2 


24 2 


24 2 


28 


yh 2 


1510907904000 


2 2 ■ 7 


14i 


28 


28 


4i 


28 


28 


30i 


xyh 


1410180710400 


2-3-5 


15i 


10 2 


63 


30i 


30i 


30i 


30 2 


ye 2 h 


1410180710400 


2-3-5 


15 2 


10i 


61 


303 


30 3 


30 2 


30 3 


(ye 2 h) 7 


1410180710400 


2-3-5 


15 3 


10i 


61 


30 2 


30 2 


30 3 
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Conjugacy classes of H {¥122) = (x,y,h) 



Class 


Representative 


| Class\ 


| Centralizer\ 


2P 


3P 


5P 


1 


1 


1 


2 17 ■ 3 4 ■ 5 


1 


1 


1 


2i 


(xyxh) 1 " 


1 


2 17 ■ 3 4 ■ 5 


1 


2i 


2i 


2 2 


(xhy 2 ) 9 


2 


2 16 ■ 3 4 ■ 5 


1 


2 2 


2 2 


2 3 


(xh) 6 


180 


2 15 g2 


1 


2 3 


2 3 


2 4 


(xyhyxh 2 ) 3 


180 


2 15 g2 


1 


2 4 


2 4 


2 5 


(yh) 6 


270 


2 16 ■ 3 


1 


2 5 


2 5 


2 6 


(xy 2 xy 2 xh) 4 


270 


2 16 ■ 3 


1 


2 6 


2 6 


2 7 


(xyxyxh) 3 


360 


2 14 • 3 2 


1 


2 7 


2 7 


2 S 


(y) 3 


1152 


2 10 ■ 3 2 ■ 5 


1 


2 8 


2 8 


2 9 


X 


4320 


2 12 ■ 3 


1 


2 9 


2 9 


2io 


(xhyh) 6 


4320 


2 12 ■ 3 


1 


2io 


2io 


2n 


xyhxyhxyhyh 


6480 


2 13 


1 


2n 


2n 


2l2 


(xyxyxy 2 h 2 ) 3 


8640 


2 11 ■ 3 


1 


2l2 


2l2 


2l3 


(xhy 2 hy) 3 


17280 


2 10 ■ 3 


1 


2l3 


2l3 


3i 


h 


5120 


2 7 • 3 4 


3i 


1 


3i 


3 2 


(yh) 4 


7680 


2 8 • 3 3 


3 2 


1 


3 2 


3 3 


(y? 


61440 


2 5 • 3 3 


3 3 


1 


3 3 


4i 


(xy 3 h) B 


480 


2 12 . g3 


2i 


4i 


4i 


4 2 


(xyxh) 5 


1152 


2 10 ■ 3 2 ■ 5 


2i 


4 2 


4 2 


4 3 


(xyh 2 xh) 4 


4320 


2 12 ■ 3 


2i 


4 3 


4 3 


4 4 


(yh) 3 


17280 


2 10 -3 


2 5 


4 4 


4 4 


4 5 


(xyxhy 2 ) 3 


17280 


2 10 -3 


2i 


1 5 


4 5 


4 6 


(xy 2 xh 2 ) 3 


17280 


2 10 -3 


2 5 


4 6 


4 6 


4 7 


(xy 2 h 2 y) 3 


17280 


2 10 ■ 3 


2 5 


4 7 


4 7 


4 S 


(xhyhy 2 ) 3 


17280 


2 10 ■ 3 


2 5 


4 8 


4 8 


4 9 


y 2 hyh 2 


17280 


2 10 ■ 3 


2 5 


4 9 


4 9 


4io 


1 2 > 2 2\3 

(xy xh y ) 


17280 


2 10 ■ 3 


2 5 


4io 


4io 


4n 


(xhy) 2 


25920 


2 11 


2 5 


4n 


4n 


4l2 


(xy 2 hyh 2 ) 2 


25920 


2 11 


2 5 


4l2 


4l2 


4l3 


(xh) 3 


34560 


2 9 -3 


2 3 


4l3 


4l3 


4l4 


(xyxy 2 ) 2 


34560 


2 9 -3 


2 3 


4l4 


4l4 


4l5 


(xy 3 xhy) 3 


34560 


2 9 -3 


2 7 


4l5 


4l5 


4l6 


(xyhxh 2 y) 3 


34560 


2 9 -3 


2 7 


4ie 


4l6 


4l7 


(xy) 3 


69120 


2 8 ■ 3 


2 9 


4l7 


4l7 


4is 


(xhyh) 3 


69120 


2 8 ■ 3 


2io 


4is 


4is 


4l9 


xhy 2 hyh 


103680 


2 9 


2 5 


4l!) 


4l9 


4 2 o 


xhyhyhy 


103680 


2 !) 


25 


4 2 o 


4 2 o 


421 


( 2 2 z, \ 2 

(xy xy xh) 


103680 


2 9 


2 6 


4 2 l 


4 2 i 


4 2 2 


xy hxhyhyh 


103680 


2 9 


2 5 


4 2 2 


4 22 


4 2 3 


xy 3 


207360 


2 s 


2 9 


4 2 3 


4 2 3 


424 


xyhyh 


207360 


2 B 


2 9 


4 2 4 


4 2 4 


425 


xyxhxh 2 


207360 


2 s 


2io 


425 


4 2 5 


4 26 


xyhxyhxh 


207360 


2 s 


2 9 


426 


4 2 6 


427 


xy 2 xyhyh 


414720 


2 7 


2 9 


427 


4 2 7 


5 


xy 2 


1327104 


2 3 ■ 5 


5 


5 


1 


61 


(xy 2 h) 3 


5120 


2 7 -3 4 


3i 


2i 


61 


62 


(*hy 2 ) 3 


5120 


2 7 -3 4 


3i 


2 2 


63 


63 


(xhy 2 ) 15 


5120 


2 7 • 3 4 


3i 


2 2 


62 


64 


(xy 3 h) 4 


7680 


2 8 • 3 3 


3 2 


2i 


64 


65 


xyxhyhyhy 


15360 


2 7 • 3 3 


3 2 


2 2 


65 


6 6 


(xh) 2 


46080 


2 7 • 3 2 


3i 


2 3 


6 6 


67 


(xy 3 xhy) 2 


46080 


2 7 • 3 2 


3i 


2 7 


6 8 


6s 


(xy 3 xhy) 10 


46080 


2 7 • 3 2 


3i 


2 7 


67 


69 


xy 2 h 2 yxyh 


46080 


2 7 • 3 2 


3i 


2 4 


6 9 


610 


(xy 2 xhyh) 2 


61440 


2 s -3 3 


3 3 


2i 


610 


611 


xyxh 2 xhy 


92160 


2 6 -3 2 


3 2 


2 3 


611 


612 


xyhxyhyhyh 


92160 


2° • 3 2 


3 2 


2 4 


612 


613 


xyh 2 xh 2 yh 


122880 


2 4 -3 3 


3 3 


2 2 


613 
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Conjugacy classes of H {¥'122) = (x,y,h) (continued) 



Class 


Representative 


Class\ 


Centralizer\ 


2P 


3P 


5P 


614 


(yh) 2 


138240 


2 7 ■ 3 


3 2 


2 5 


614 


615 


xyxyhxy 2 h 


138240 


2 7 ■ 3 


3 2 


2 6 


615 


6ie 


y hyh 


184320 


2 5 ■ 3 2 


3 2 


2s 


6ie 


617 


xyxyxh 


184320 


2 5 ■ 3 2 


3 2 


2 7 


617 


61s 


xyhxhy 


368640 


2 4 -3 2 


3 3 


2 7 


619 


619 


(xyhxhy)° 


368640 


2 4 -3 2 


3 3 


2 7 


61s 


620 


xyhyxh 2 


368640 


2 4 -3 2 


3 3 


2 4 


620 


621 


2 i 2 


368640 


2 4 -3 2 


3 3 


2 3 


621 


622 


(zy) 2 


552960 


2 5 ■ 3 


3 3 


2g 


622 


623 


(xhyh) 2 


552960 


2 5 ■ 3 


3 3 


2io 


623 


624 


xhy 2 hy 


552960 


2 5 ■ 3 


3 2 


2l3 


624 


625 


y 


737280 


2 3 ■ 3 2 


3 3 


2s 


625 


626 


2.2 

xyxyxy h 


1105920 


2 4 ■ 3 


3 3 


2l2 


626 


Si 


(xy 3 h) 3 


138240 


2 7 -3 


4i 


81 


81 


S 2 


(xyxy 2 h) 3 


138240 


2 7 ■ 3 


4i 


82 


82 


S3 


xhy 


414720 


2 7 


4n 


83 


83 


84 


xhyhy 


414720 


2 7 


4n 


84 


84 


85 


xyxy 


414720 


2 7 


4n 


85 


85 


8 e 


(xyh xh) 


414720 


2 7 


4 3 


8 6 


8e 


87 


xy 2 xy 3 


414720 


2 7 


4n 


87 


87 


8s 


xy 2 hyh 2 


829440 


2 6 


4l2 


8s 


8s 


89 


xyh 


1658880 


2 s 


4l3 


89 


89 


810 


xyxy 2 


1658880 


2 5 


4l4 


8l0 


8l0 


8n 


2 2 u 
xy xy xh 


1658880 


2 s 


421 


811 


811 


9 


(xy 2 h) 2 


1474560 


2 2 ■ 3 2 


9 


3i 


9 


10i 


(xyxh) 2 


1327104 


2 3 -5 


5 


10i 


2i 


10 2 


xyh 2 


2654208 


2 2 ■ 5 


5 


10 2 


2s 


10 3 


xhy 2 h 2 


2654208 


2 2 ■ 5 


5 


10 3 


2 2 


12i 


y 2 hyhyh 2 


61440 


2 s ■ 3 3 


61 


4i 


12i 


12 2 


(xy 3 h) 2 


92160 


2 6 -3 2 


64 


4i 


12 2 


12 3 


xyxhy 2 hyh 


92160 


2 6 -3 2 


64 


4i 


12 3 


12 4 


xyxhyhxhy 


184320 


2 5 -3 2 


64 


4 2 


12 4 


12 5 


yh 


552960 


2 5 ■ 3 


614 


4 4 


12 5 


12 6 


xyxhy 2 


552960 


2 5 • 3 


64 


4 5 


12 6 


12 7 


xy 2 xh 2 


552960 


2 5 ■ 3 


614 


4 6 


12 7 


12g 


2,2 
xy h y 


552960 


2 5 ■ 3 


614 


4 7 


12s 


12g 


xhyhy 2 


552960 


2 5 ■ 3 


614 


4s 


12g 


12io 


xy 3 xhy 


552960 


2 5 ■ 3 


67 


4l5 


12n 


12n 


(xy 3 xhy) 5 


552960 


2 B ■ 3 


6s 


4l5 


12io 


12l2 


xy h xh 


552960 


2 5 ■ 3 


61 


4 3 


12l2 


12l3 


xyhxh 2 y 


552960 


2 5 ■ 3 


67 


4l6 


12l4 


12i4 


(xyhxh 2 yY 


552960 


2 5 ■ 3 


6s 


4l6 


12l3 


12l5 


2 1,2 2 
xy xh y 


552960 


2 5 ■ 3 


614 


4io 


12l5 


12l6 


xyhxhxh 2 


552960 


2 5 ■ 3 


614 


4g 


12l6 


12l7 


xy 2 xhyh 


737280 


2 3 ■ 3 2 


610 


4 2 


12l7 


12is 


xh 


1105920 


2 4 -3 


6 6 


4l3 


12is 


12l9 


xy 2 xh 


1105920 


2 4 ■ 3 


6 6 


4l4 


12l9 


1220 


xy 


2211840 


2 3 ■ 3 


622 


4l7 


1220 


1221 


xhyh 


2211840 


2 3 ■ 3 


623 


4is 


12 2 l 


161 


xyh 2 xh 


1658880 


2 s 


8e 


I61 


I62 


162 


(xyh 2 xh) 5 


1658880 


2 s 


8e 


I62 


I61 


181 


xy h 


1474560 


2 2 ■ 3 2 


9 


61 


I81 


182 


xhy 2 


1474560 


2 2 3 2 


9 


62 


I83 


183 


(xhy 2 ) 5 


1474560 


2 2 ■ 3 2 


9 


63 


I82 


20 


xyxh 


2654208 


2 2 ■ 5 


lOi 


20 


4 2 


24i 


xy 3 h 


1105920 


2 4 ■ 3 


12 2 


81 


24i 


24 2 


xyxy 2 h 


1105920 


2 4 ■ 3 


12 2 


82 


24 2 
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A. 6. Conjugacy classes of D{F\22) — (x,y) 



Class 


Representative 


| Class\ 


Centralizer\ 


2P 


3P 


5P 


1 


1 


1 


2 17 • 3 ■ 5 


1 


1 


1 


2i 


(xyxyxy 2 xy 3 ) s 


1 


2 17 • 3 ■ 5 


1 


2i 


2i 


2 2 


(xyxyxyxy xy ) 


2 


2 16 • 3 ■ 5 


1 


2 2 


2 2 


2 3 


(xyxy 2 ) 4 


20 


2 15 ■ 3 


1 


2 3 


2 3 


2 4 


(xyxyxyxy 3 ) 3 


20 


2 15 ■ 3 


1 


2 4 


2 4 


2 5 


(xyxy 3 ) 4 


30 


2 16 


1 


2s 


2s 


2 6 


(xyxy 3 xy 4 ) 4 


30 


2 16 


1 


2 6 


2 6 


2 7 


(xyxyxyxyxy 2 ) 2 


40 


2 14 ■ 3 


1 


2 7 


2 7 


2 8 


(xy) 6 


160 


2 12 -3 


1 


2s 


2 8 


2 9 


(xyxyxyxy 2 xy 4 ) 6 


160 


2 12 ■ 3 


1 


2g 


2 9 


2io 


(xyxy 2 xy 4 ) 4 


240 


2 13 


1 


2io 


2io 


2n 


(xyxyxyxy 3 xy 2 xy 4 ) 2 


240 


2 13 


1 


2n 


2n 


2l2 


xyxy xyxy 2 xy z xy 2 xyxyxyxy 3 


240 


2 13 


1 


2l2 


2l2 


2l3 


(xyxyxyxy 2 xyxy 4 xy 2 ) 3 


320 


2 11 -3 


1 


2l3 


2l3 


2l4 


xyxyxy 2 xy 4 xy 2 


480 


2 12 


1 


2l4 


2l4 


2is 


(y) 3 


640 


2 10 ■ 3 


1 


2l5 


2l5 


2l6 




960 


2 11 


1 


2l6 


2l6 




(xyxyxyxyxy ) 


960 


2 11 


1 




2l7 


2l8 


2 4 2 4 

xyxy xy xy xy 


1920 


2 io 


1 


2is 


2l8 


2io 


xyxyxy xyxy 2 xyxy 2 xyxy 2 


1920 


2 io 


1 


2l9 


2io 


3 


(y? 


20480 


2 5 ■ 3 


3 


1 


3 


4i 


(xyxyxy 2 xy 3 ) 4 


480 


2 12 


2i 


4i 


4i 


4 2 


(xyxyxy 3 xy 4 ) 2 


480 


2 12 


2i 


4 2 


4 2 


4 3 


i 2 3 2 3 \ 3 

(xyxy x'y xy xy ) 


640 


2 10 ■ 3 


2i 


4 3 


4 3 


4 4 


(xyxy 3 ) 2 


960 


2 11 


2 5 


4 4 


4 4 


4 5 


(xy xyxy 2 xyxy 4 ) 2 


960 


2 11 


2 5 


4 5 


4 5 


4 6 


xyxy 3 xy 4 xy 3 


1920 


2 io 


2 5 


4 6 


4 6 


4 7 


(xyxyxyxy xy 2 xyxy 4 ) 2 


1920 


2 io 


2 5 


4 7 


4 7 


4s 


xyxy 3 xyxy 3 xy 2 xy 3 


1920 


2 io 


25 


4s 


4 8 


4 fl 


3 2 3 2 3 

xyxy' xy xy'' xy xy 


1920 


2 io 


2s 


4 9 


4g 


4io 


3 2 2 4 

xyxyxy xy xy xyxy 


1920 


2 io 


2 5 


4io 


4io 


4n 


xyxy xyxy 4 xyxy 2 xy^ 


1920 


2 io 


2s 


4n 


4n 


4l2 


3 5 
xyxy.cyxy.i: yxy .ryxyxy 


1920 


2 io 


2i 


4l2 


4l2 


4l3 


xyxy xyxy 2 xy 2 xy 3 xyxy 2 xy 3 


1920 


2 io 


2 5 


4l3 


4l3 


4l4 


xyxy xyxyxy 2 xyxy xyxy 2 xyxy 3 


1920 


2 io 


2s 


4l4 


4l4 


4is 


(xy) 3 


2560 


2 8 ■ 3 


2 8 


4is 


4is 


4l6 


(xyxyxyxy 2 xy 4 -) 3 


2560 


2 8 ■ 3 


2 9 


4l6 


4l6 


4l7 


(xyxy 2 ) 2 


3840 


2 9 


2 3 


4l7 


4l7 


4l8 


(xyxy 4 ) 2 


3840 


2 9 


2 3 


4is 


4l8 


4l9 


(xyxy 2 xy 4 ) 2 


3840 


2 9 


2io 


4l9 


4l9 


420 


xyxyxyxyxy 2 


3840 


2 9 


27 


420 


4 2 o 


4 2 i 


(xyxy 3 xy 4 ) 2 


3840 


2 9 


2 6 


421 


4 2 i 


4 2 2 


(xyxyxy xy 3 xy 5 ) 2 


3840 


2 9 


2io 


4 2 2 


4 2 2 


4 2 3 


xyxyxy 2 xy 2 xy 3 xyxy 3 


3840 


2 9 


2s 


4 2 3 


4 2 3 


424 


xyxyxyxy 2 xyxy 5 xy 3 


3840 


2 9 


2s 


4 24 


424 


4 2 s 


2 2 2 3 2 

xyxyxyxy x tj -ry.ry xy xy 


3840 


2 9 


2s 


425 


4 2 s 


4 2 6 


xyxy xyxy 2 xyxy 2 xy 3 xy 2 xy 3 


3840 


2 9 


2 7 


4 2 6 


4 2 6 


4 2 7 


xyxyxy 2 xyxy 2 


7680 


2 8 


2io 


4 27 


4 2 7 


428 


xyxy xyxy xyxy 4 


7680 


2 8 


2 8 


4 2 s 


4 2 8 


429 


5 5 

xyxyxyxy xy 


7680 


2 8 


2io 


4 2 9 


429 


4 3 o 


xyxyxy 2 xyxy 4 xy 3 


7680 


2 8 


2 6 


4 3 o 


4so 



SIMULTANEOUS CONSTRUCTIONS OF THE SPORADIC GROUPS Co 2 AND Fi ; 

Conjugacy classes of D(E '122) = (x,y) (continued) 



Class 


Representative 


Class\ 


| Centralizer\ 


2P 


3P 


5P 


4.31 


xyxy 2 xy 3 xyxy 3 xy 2 


7680 


2 s 


2 S 


431 


431 


432 


xyxy 2 xyxy 2 xy 4 xy 3 


7680 


2 s 


2in 


432 


432 


433 


xyxyxy xy xyxy xyxy 


7680 


2 s 


2io 


433 


433 


434 


xyxy xyxyxy 1 'xyxy 5 xy 2 


7680 


2 s 


2in 


434 


434 


4 3 5 


2 5 2 3 

xyxyxy xy xtj xy xy 


7680 


2 s 


2 9 


4 3 5 


4 3 5 


4 3 6 


xyxyxy xy 5 xy 2 xyxy 2 xy 5 


7680 


2 s 


2s 


436 


4 3 6 


4 3 7 


xyxyxy xy 3 xy 2 xy 4 


15360 


2 7 


2n 


437 


437 


438 


xyxy xyxy xy 2 xy 2 xyxy 3 


15360 


2 7 


2s 


438 


43 s 


439 


xyxy xyxy 2 xyxy 3 xy 2 xy 3 


15360 


2 7 


2in 


439 


439 


440 


xy 3 


30720 


2 6 


2l6 


440 


440 


4 4 l 


xyxyxyxyxy 5 


30720 


2 6 


2l7 


4 4 1 


441 


5 


xy 2 


98304 


2 2 • 5 


5 


5 


1 


61 




20480 


2 5 • 3 


3 


2s 


61 


62 


(xyxyxy xy 2 xy 4 ) 2 


20480 


2 5 • 3 


3 


2 9 


62 


63 


xyxyxy xy 2 xy 3 xy 2 


20480 


2 5 • 3 


3 


2i 


63 


64 


xyxyxyxy 3 


40960 


2 4 • 








2 4 


64 


65 


xyxy xy 


40960 


2 4 










6e 


6e 


(xyxy xy ) 


40960 


2 4 








2 7 


65 


67 


xyxyxyxy xy 


40960 


2 4 • 






2 2 


67 


6g 


xyxy 2 xyxy 2 xy 4 


40960 


2 4 • 


i 




2 3 


6s 


69 


xyxyxyxy 2 xyxy 4 xy 2 


40960 


2 4 • 3 


3 


2l3 


69 


610 


y 


81920 


2 3 • 3 


3 


2l5 


610 


81 


xyxy 3 


15360 


2 7 


4 4 


81 


81 


82 


xy 2 xy 3 


15360 


2 7 


4 4 


82 


82 


83 


(xyxyxy 2 xy 3 ) 2 


15360 


2 7 


4i 


83 


83 


84 


xyxyxy 3 xy 4 


15360 


2 7 


4 2 


84 


84 


85 


xyxy xyxy xy 2 xy 4 


15360 


2 7 


4 4 


85 


85 


8 6 


xyxy xyxy 2 xy 2 xy 4 


15360 


2 7 


4 4 


8 6 


8 6 


87 


xyxyxyxy 2 xy 3 xy 2 xy 3 


15360 


2 7 


4 2 


87 


87 


8s 


xyxyxy 2 xyxy 3 


30720 


2 6 


4i 


8s 


8s 


89 


2 4 
xyxyxy xyxy 


30720 


2 6 


45 


89 


89 


810 


xyxy xyxyxy 2 xyxy 4 


30720 


2 6 


4 7 


811 


810 


811 


(xyxyxy xyxy 2 xyxy 4 ) 3 


30720 


2 6 


4 7 


810 


811 


812 


xyxy 2 


61440 


2 5 


4l7 


812 


812 


813 


4 

xyxy 


61440 


2 5 


4is 


813 


813 


X 


2 4 
xyxy xy 


61440 


2 5 


4l9 


814 


814 


815 


xyxy 3 xy 4 


61440 


2 5 


4 2 l 


815 


815 


816 


xyxyxyxy 3 'xy 5 


61440 


2 5 


4 2 2 


816 


8ie 


10i 


xyxyxy 3 xy 5 


98304 


2 2 -5 


5 


10i 


2i 


10 2 


23 3 
xyxy xy xyxy 


98304 


2 2 • 5 


5 


IO3 


2 2 


10s 


(xyxy 2 xy 3 xyxy 3 ) 3 


98304 


2 2 -5 


5 


10 2 


2 2 


12i 


xy 


81920 


2 3 • 3 


61 


4l5 


12i 


12 2 


xyxyxy xy 2 xy 4 


81920 


2 3 • 3 


62 


4l6 


12 2 


12 3 


xyxy 2 xy 3 xy 2 xy 3 


81920 


2 3 • 3 


63 


43 


12 3 


I61 


xyxyxy 2 xy 3 


61440 


2 5 


83 


161 


I62 


16 2 


(xyxyxy 2 xy 3 ) 5 


61440 


2 5 


83 


162 


I61 
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A. 7. Conjugacy classes of E2 = E(Fi22) = (x,y,e) 



Class 


Representative 


Class\ 


| Centralizer\ 


2P 


3P 


5P 


7P 


IIP 


1 


1 


1 


2 17 • 3 2 ■ 5 • 7 • 11 


1 


1 


1 


1 


1 


2i 


(xye) 7 


22 


2 16 • 3 2 • 5 ■ 7 


1 


2i 


2i 


2i 


2i 


2 2 


(xyf 


231 


2 17 • 3 ■ 5 


1 


2 2 


2 2 


2 2 


2 2 


2 3 


(ye 2 ) 6 


770 


2 ie . 32 


1 


2 3 


2 3 


2 3 


2 3 


2 4 


X 


18480 


2 13 ■ 3 


1 


2 4 


2 4 


2 4 


2 4 


2s 


(xeyxe 2 ) 2 


55440 


2 13 


1 


2 5 


2s 


2s 


2 5 


3 


(v) 2 


788480 


2 6 -3 2 


3 


1 


3 


3 


3 


4i 


(xyey) i 


110880 


2 12 


2 2 


4i 


4i 


4i 


4i 


4 2 


(xyxy 3 ) 2 


110880 


2<- 


2 2 


4 2 


4 2 


4 2 


4 2 


4 3 


(xy) 3 


147840 


2 10 -3 


2 2 


4 3 


4 3 


4 3 


4 3 


4 4 


(ye 2 ) 3 


295680 


2 9 -3 


2 3 


4 4 


4 4 


4 4 


4 4 


4s 


xeyey 2 e 2 


443520 


2 io 


2 2 


4 5 


4s 


4s 


4 5 


4 6 


(xy 2 e 2 ) 2 


887040 


2 9 


2 4 


4 6 


4 6 


4 6 


4 6 


4 7 


(xy 2 xe 2 ) 2 


887040 


2 9 


2 4 


4 7 


4 7 


4 7 


4 7 


4 8 


xeye 2 


1774080 


2 s 


2 4 


4g 


4 8 


4 8 


4 8 


4g 


xy 3 


3548160 


2 7 


2 4 


4 9 


4 9 


4 9 


4g 


4io 


xeyxe 


3548160 


2 7 




4io 


4io 


4io 


4io 




xy 


22708224 


2 2 ■ 5 








1 






61 


(ye 2 ) 2 


788480 


2 6 • 3 2 






2 3 


61 


61 


61 


62 


xyxye 


3153920 


2 4 • 3 2 




i 


2i 


62 


62 


6 2 


63 


xyeyey 


3153920 


2 4 -3 2 


3 


2 3 


63 


63 


63 


64 


(xy) 2 


4730880 


2 s ■ 3 


3 


2 2 


64 


64 


64 


65 


y 


9461760 


2 4 ■ 3 


3 


2 4 


65 


6s 


65 


7i 


(xye) 


32440320 


2 ■ 7 


7i 


7 2 


7 2 


1 


7i 


7 2 


(xye) 6 


32440320 


2 ■ 7 


7 2 


7i 


7i 


1 


7 2 


81 


(xyey) 2 


3548160 


2 7 


4i 


81 


81 


81 


81 


82 


xyxy 3 


3548160 


2 7 


4 2 


8 2 


82 


82 


82 


83 


xyxy 4 e 


3548160 


2 7 


4 2 


83 


83 


83 


83 


84 


2 2 
xe ye 


7096320 


2 6 


4i 


84 


84 


84 


84 


85 


xyxy 2 


14192640 


2 5 


4 4 


85 


85 


85 


85 


8e 


xy 2 e 2 


14192640 


2 5 


4 6 


8 6 


8 6 


8e 


8 6 


87 


xy 2 xe 2 


14192640 


2 5 


4 7 


87 


87 


87 


87 


10i 


y 2 e 


22708224 


2 2 ■ 5 


5 


10 2 


2i 


10 2 


10i 


10 2 


(y 2 e) 3 


22708224 


2 2 • 5 


5 


10i 


2i 


10i 


10 2 


10 3 


xy e 


22708224 


2 2 ■ 5 


5 


10 3 


2 2 


10 3 


IO3 


Hi 


xe 


41287680 


11 


II2 


Hi 


111 


II2 


1 


II2 


(xe) 2 


41287680 


11 


Hi 


II2 


H2 


Hi 


1 


12i 


ye 2 


9461760 


2 4 ■ 3 


61 


4 4 


12i 


12i 


12i 


12 2 


xy 


18923520 


2 3 ■ 3 


64 


4 3 


12 2 


12 2 


12 2 


14i 


xye 


32440320 


2 ■ 7 


7i 


14 2 


14 2 


2i 


14i 


14 2 


(xye) 3 


32440320 


2 ■ 7 


7 2 


14i 


14i 


2i 


14 2 


I61 


xyey 


14192640 


2 5 


81 


I61 


16 2 


16 2 


I61 


16 2 


(xyey) 5 


14192640 


2 5 


81 


I62 


I61 


I61 


16 2 



SIMULTANEOUS CONSTRUCTIONS OF THE SPORADIC GROUPS Co 2 AND Fi 22 



A. 8. Conjugacy classes o/©2 = (h,x,y,e) = R22 



Class 


Representative 


Class] 


Centralizer\ 


2P 


3P 


5P 


7P 


IIP 


13P 


1 


1 


1 


2 17 ■ 3 9 ■ 5 2 • 7 ■ 11 ■ 13 


1 


1 


1 


1 


1 


1 


2i 


/ \ 7 
(xj/e) 


3510 


2 16 • 3 6 ■ 5 • 7 ■ 11 


1 


2i 


2i 


2i 


2i 


2i 


2 2 


a: 


1216215 


2 17 ■ 3 4 • 5 


1 


2 2 


2 2 


2 2 


2 2 


2 2 


2 3 


(xh) e 


36486450 


2 • 3 


1 


2 3 


2 3 


2 3 


2 3 


2 3 


3i 


(yh) 4 


3294720 


2 s • 3 7 ■ 5 • 7 


3i 


1 


3i 


3i 


3i 


3i 


3 2 


h 


25625600 


r-7 ^9 

2-3 


3 2 


1 


3 2 


3 2 


3 2 


3 2 


3 3 


t \ 2 

(y) 2 


461260800 


2 6 • 3 7 


3 3 


1 


3 3 


3 3 


3 3 


3 3 


3 4 


(xy 2 eh) !i 


3690086400 


2 3 • 3 7 


3 4 


1 


3 4 


3 4 


3 4 


3 4 


4i 


(he) 3 


583783200 


2 12 • 3 3 


2 2 


4i 


4i 


4i 


4i 


4i 


4 2 


(xy) 


1401079680 


2 10 ■ 3 2 • 5 


2 2 


4 2 


4 2 


4 2 


4 2 


4 2 


4 3 




5254048800 


^i 2 

2 ■ 3 


2 2 


4 3 


4 3 


4 3 


4 3 


4 3 


4 4 




14010796800 


2° • 3 2 


2 3 


4 4 


4 4 


4 4 


4 4 


4 4 


4 5 


(yh) 3 


21016195200 


2 10 • 3 


2 2 


4.5 


4 5 


4s 


4 5 


4s 


5 


xy 2 


107602919424 


2 3 ■ 3 • 5 2 


5 


5 


1 


5 


5 


5 


61 


(xyxeh) 5 


415134720 


2 7 ■ 3 5 • 5 


3i 


2i 


61 


61 


61 


61 


6 2 


(xhy 2 ) 3 


691891200 


2 7 • 3 6 


3 2 


2i 


6 2 


6 2 


6 2 


6 2 


63 


(he) 2 


6227020800 


2 7 -3 4 


3 2 


2 2 


63 


63 


63 


63 


64 


(yh) 2 


9340531200 


2 s -3 3 


3i 


2 2 


64 


64 


64 


64 


6s 


xyxye 


16605388800 


2 4 • 3 5 


3 3 


2i 


6s 


65 


65 


65 


6e 


(xh) 2 


18681062400 


2 7 • 3 3 


3 2 


2 3 


6 6 


6 6 


6 6 


6 6 


67 


xyeyxh 


18681062400 


2 7 • 3 3 


3i 


2 3 


67 


67 


67 


67 


68 


(ye 2 ) 2 


37362124800 


2 6 • 3 3 


33 


2 3 


68 


6 S 


68 


68 


69 


y 


74724249600 


2 5 • 3 3 


3 3 


2 2 


69 


69 


69 


69 


610 


xhey 


149448499200 


2 4 • 3 3 


3 3 


2 3 


610 


610 


610 


610 


611 


xheh 2 


298896998400 


2 3 • 3 3 


3 4 


2 3 


611 


611 


611 


611 


7 


(xye) 2 


1537184563200 


2-3-7 


7 


7 


7 


1 


7 


7 


81 


xhy 


168129561600 


2 7 • 3 


4i 


81 


81 


81 


81 


81 


8 2 


(xyhye) 3 


168129561600 


2 7 • 3 


4i 


8 2 


8 2 


8 2 


8 2 


8 2 


83 


(xyey) 2 


504388684800 


2 7 


4 3 


83 


83 


83 


83 


83 


84 


xyh 


2017554739200 


2 5 


4 4 


84 


84 


84 


84 


84 
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Conjugacy classes of ©2 = (h,x,y,e) = F122 (continued) 



Class 


Representative 


| Class\ 


Centralizer\ 


2P 


3P 


5P 


7P 


IIP 


13P 


9i 


/ 2 1 \ 2 


199264665600 


2 2 ■ 3 4 


9i 


3 2 


9i 


9i 


9i 


9i 


9 2 


xheye 


398529331200 


2 ■ 3 4 


9 2 


3 2 


9 2 


9 2 


9 2 


9 2 


9 3 


xy 2 eh 


2391175987200 


3 3 


9 3 


3 4 


9 3 


9 3 


93 


9s 


10i 


2 

y e 


1076029194240 


2 2 ■ 3 • 5 


5 


10i 


2i 


10i 


10i 


10i 


10 2 


xhe 


1614043791360 


2 3 • 5 


5 


10 2 


2 2 


10 2 


10 2 


10 2 


Hi 


xe 


2934625075200 


2 • 11 


11 2 


Hi 


111 


11 2 


1 


H2 


H2 


(xe) 2 


2934625075200 


2 • 11 


Hi 


H2 


H2 


Hi 


1 


Hi 


12i 


he 


74724249600 


2 5 ■ 3 3 


63 


4i 


12i 


12i 


12i 


12i 


12 2 


(xy 3 h) 2 


112086374400 


2 6 ■ 3 2 


64 


4i 


12 2 


12 2 


12 2 


12 2 


12 3 


xyhxhxh 


112086374400 


2 6 ■ 3 2 


64 


4i 


12 3 


12 3 


12 3 


12 3 


12 4 


xexeh 


224172748800 


rt 5 ^2 
2 ■ 3 


64 


4 2 


12 4 


12 4 


12 4 


12 4 


125 


xh 


448345497600 


^4 ^2 
2 ■ 3 


6e 


4 4 


12s 


12 5 


12 5 


12 5 


12 6 


2 

ye 2 


448345497600 


2 4 ■ 3 2 


6s 


4 4 


12 6 


12 6 


12 6 


12 6 


12 7 


xy 2 xh 


448345497600 


2 4 ■ 3 2 


6 6 


4 4 


12 7 


12 7 


12 7 


12 7 


12s 


yh 


672518246400 


2 5 • 3 


64 


4 5 


12 8 


12 8 


12g 


12 8 


12g 


xhe 


672518246400 


2 5 • 3 


63 


4 3 


12g 


12 9 


12 9 


12g 


12io 


xy 


896690995200 


^3 ^2 
2 ■ 3 


69 


4 2 


12io 


12io 


12io 


12io 


12n 


xehye 


1793381990400 


^2 ^2 

2 ■ 3 


611 


4 4 


12n 


12n 


12n 


12n 


13i 


yhe 


4966288588800 


13 


13 2 


13i 


13 2 


13 2 


13 2 


1 


13 2 


(yhe) 2 


4966288588800 


13 


13i 


13 2 


13i 


13i 


13i 


1 


14 


xye 


4611553689600 


2 • 7 


7 


14 


14 


2i 


14 


14 


15 


xeyh 


2152058388480 


2-3-5 


15 


5 


3i 


15 


15 


15 


I61 


xyey 


2017554739200 


2 5 


83 


I61 


I62 


16 2 


I61 


16 2 


16 2 


(xyey) 5 


2017554739200 


2 5 


83 


I62 


I61 


I61 


16 2 


I61 


I81 


xhy 2 


597793996800 


2 2 ■ 3 3 


9i 


6 2 


18 2 


I81 


18 2 


I81 


I82 


(xhy 2 ) 5 


597793996800 


2 2 ■ 3 3 


9i 


6 2 


I81 


18 2 


I81 


18 2 


I83 


xyheyh 


1195587993600 


2 ■ 3 3 


9 2 


6 2 


I83 


I83 


I83 


I83 


I84 


xy 2 h 


1793381990400 


2 2 ■ 3 2 


9i 


63 


I84 


I84 


I84 


I84 


20 


xyxh 


3228087582720 


2 2 • 5 


10 2 


20 


4 2 


20 


20 


20 


21 


xyhe 


3074369126400 


3 • 7 


21 


7 


21 


3i 


21 


21 


22i 


yeh 


2934625075200 


2 • 11 


H2 


22i 


22i 


22 2 


2i 


22 2 


22 2 


(yeh) 7 


2934625075200 


2 • 11 


Hi 


22 2 


22 2 


22i 


2i 


22i 


24i 


xy 3 h 


1345036492800 


2 4 • 3 


12 2 


81 


24i 


24i 


24i 


24i 


24 2 


xyhye 


1345036492800 


2 4 -3 


12 2 


8 2 


24 2 


24 2 


24 2 


24 2 


30 


xyxeh 


2152058388480 


2-3-5 


15 


10i 


61 


30 


30 


30 
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Appendix B. Character Tables of Local Subgroups of C02 and R22 



B.l. Character table o/-ff(Co 2 ) = (x,y,h) 



2 


18 


18 


17 


14 


14 


16 


16 


14 


14 


15 


11 


6 


5 


7 


14 


14 


13 


12 


12 


12 


12 


3 


4 


4 


1 


2 


2 


2 


2 


1 


1 




1 


4 


3 


3 


3 


1 


1 


1 


1 


1 


1 


5 


1 


1 


■ 


1 


1 
















1 




■ 




























































la 


2a 


26 


2c 


2d 


2e 


2/ 


2a 


2h 


2i 


2j 


3a 


36 


3c 


4a 


46 


4c 


4d 


4e 


4/ 


49 


2P 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


3a 


36 


3c 


2a 


2a 


26 


2/ 


26 


2/ 


26 


3P 


la 


2a 


26 


2c 


2d 


2e 


2/ 


29 


26 


2% 


2j 


la 


la 


la 


4a 


46 


4c 


4d 


4e 


4/ 


49 


5P 


la 


2a 


26 


2c 


2d 


2e 


2/ 


29 


26 


2% 


2j 


3a 


36 


3c 


4a 


46 


4c 


4d 


4e 


4/ 


49 


7P 


la 


2a 


26 


2c 


2d 


2e 


2/ 


29 


26 


2i 


2.7 


3a 


36 


3c 


4a 


46 


4c 


4d 


4e 


4/ 


49 


X.l 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.2 


7 


7 


7 


— 5 




— 1 


— 1 


3 


3 


— 1 


— 1 


-2 


4 


1 


7 


— 1 




3 


— 1 


3 


— 1 


X.3 


15 


15 


15 




_ r 


7 


7 


3 


3 


7 


— 1 


-3 




3 


15 


7 


_e 


-1 


— 1 


— 1 


— 1 


X.4 


16 


— 16 




4 


— 4 


8 


— 8 


4 


—4 






-2 


1 


4 








4 


—4 


—4 


4 


X.5 


21 


21 


21 


— 11 


— 11 








5 


5 


— 3 


3 


6 




21 




— 11 


1 


— 3 


1 


— 3 


X.6 


21 


21 


21 


9 


9 


-3 


— 3 


1 


1 


-3 


—3 


3 


6 




21 


— 3 


9 




-3 




-3 


X.7 


27 


27 


27 


15 


15 


3 


3 


7 


7 


3 


3 




9 




27 


3 


15 


3 


3 


3 


3 


X.8 


35 


35 


35 






3 


3 




— 5 


3 


3 


— 1 


5 


2 


35 


3 




7 


3 


7 


3 


X.9 


35 


35 


35 


15 


15 


11 


11 


7 


7 


11 


3 


— 1 


5 


2 


35 


11 


15 


— 1 


3 


— 1 


3 


X.10 


56 


56 


56 


— 24 


-24 


-8 


— 8 


8 


8 


-8 




2 


11 


2 


56 


— 8 


-24 










X.ll 


70 


70 


70 


— 10 


-10 


— 10 


— 10 


6 


6 


-10 


— 2 


7 




1 


70 


— 10 


-10 


2 


—2 


2 


—2 


X.12 


84 


84 


84 


4 


4 


20 


20 


4 


4 


20 


4 


3 


— 6 


3 


84 


20 


4 


4 


4 


4 


4 


X.13 


105 


105 


105 


25 


25 


— 7 


— 7 


9 


9 


— 7 


1 


6 




3 


105 


— 7 


25 


— 3 


1 


— 3 


1 


X.14 


105 


105 


105 


5 


5 


17 


17 


-3 


-3 


17 


-7 


6 




3 


105 


17 


5 


-3 


-7 


-3 


-7 


X.15 


105 


105 


105 


—35 


-35 


1 


1 


5 


5 


1 


1 


-3 


15 


—3 


105 


1 


— 35 


5 


1 


5 


1 


x.ie 


112 


— 112 




— 20 


20 


-8 


8 


12 


— 12 






4 


4 


4 








12 


4 


— 12 


-4 


x.n 


120 


120 


— 8 






24 


24 






-8 


— 8 


3 




6 


8 


8 




12 


8 


12 


8 


x.i8 


120 


120 


120 


40 


40 


-8 


-8 


8 


8 


-8 




-6 


15 




120 


-8 


40 










x.19 


120 


120 


— 8 






24 


24 






-8 


8 


3 




6 


8 


8 




—4 


-8 


—4 


—8 


x.20 


135 


135 


7 


15 


15 


39 


39 


15 


15 


7 


7 






9 


— 9 


— 9 


— 1 


3 


7 


3 


7 


x.21 


168 


168 


168 


40 


40 


8 


8 


8 


8 


8 


8 


6 


6 


—3 


168 


8 


40 




8 




8 


x.22 


189 


189 


189 


21 


21 


-3 


— 3 


-11 


— 11 


-3 


— 3 




9 




189 


—3 


21 


9 


-3 


9 


-3 


X.23 


189 


189 


189 


— 39 


-39 


21 


21 


1 


1 


21 


— 3 




9 




189 


21 


-39 


-3 


-3 


— 3 


-3 


X.24 


189 


189 


189 


— 51 


— 51 


-3 


— 3 


13 


13 


— 3 


— 3 




9 




189 


—3 


—51 


—3 


-3 


— 3 


-3 


X.25 


210 


210 


210 


10 


10 


— 14 


— 14 


10 


10 


-14 


2 


-6 


— 15 


3 


210 


— 14 


10 


6 


2 


6 


2 


X.26 


210 


210 


210 


50 


50 


2 


2 


2 


2 


2 


— 6 


3 


15 




210 


2 


50 


— 2 


-6 


— 2 


—6 


X.27 


216 


216 


216 


— 24 


— 24 


24 


24 


8 


8 


24 






— 9 




216 


24 


— 24 










X.2S 


240 


— 240 




— 20 


20 


56 


— 56 


12 


— 12 






6 




12 








—4 


4 


4 


-4 


X.29 


280 


280 


280 


40 


40 


24 


24 


8 


8 


24 




—8 


— 5 


-2 


280 


24 


40 










X.30 


280 


280 


280 


—40 


-40 


-8 


— 8 


-8 


— 8 


—8 


8 


10 


10 


1 


280 


— 8 


-40 




8 




8 


X.31 


315 


315 


315 


—45 


—45 


— 21 


— 21 


3 


3 


-21 


3 


-9 






315 


— 21 


-45 


— 5 


3 


— 5 


3 


X.32 


336 


-336 




36 


-36 


-24 


24 


4 


-4 






-6 


6 










20 


12 


-20 


-12 


X.33 


336 


—336 




—44 


44 


40 


—40 


20 


— 20 






—6 


6 










4 


12 


—4 


-12 


X.34 


336 


336 


336 


— 16 


-16 


16 


16 


-16 


— 16 


16 




—6 


6 




336 


16 


-16 










X.35 


378 


378 


378 


—30 


-30 


-6 


— 6 


2 


2 


-6 


— 6 




—9 




378 


—6 


-30 


6 


-6 


6 


-6 


X.36 


405 


405 


405 


45 


45 


— 27 


— 27 


-3 


—3 


—27 


— 3 








405 


— 27 


45 


—3 


-3 


—3 


-3 


X.37 


405 


405 


21 


45 


45 


— 27 


— 27 


-3 


—3 


5 


— 3 








-27 


21 


-3 


— 3 


-3 


—3 


—3 


X.38 


405 


405 


21 


45 


45 


-27 


-27 


-3 


-3 


5 


-3 








-27 


21 


-3 


-3 


-3 


-3 


-3 


X.39 


420 


420 


420 


20 


20 


4 


4 


-12 


— 12 


4 


4 


—3 




3 


420 


4 


20 


—4 


4 


—4 


4 


X.40 


432 


—432 




60 


-60 


24 


— 24 


28 


— 28 








9 










12 


-12 


— 12 


12 


X.41 


512 


512 


512 


















8 


— 16 


—4 


512 














X.42 


560 


— 560 




60 


-60 


88 


— 88 


28 


— 28 






2 


5 


8 








—4 


-12 


4 


12 


X.43 


560 


— 560 




— 20 


20 


24 


— 24 


-20 


20 






2 


5 


8 








28 


-12 


— 28 


12 


X.44 


720 


720 


—48 






—48 


—48 






16 




-9 






48 


— 16 




—8 




— 8 




X.45 


720 


720 


—48 






—48 


—48 






16 




-9 






48 


— 16 




— 8 




— 8 




X.40 


810 


810 


42 


90 


90 


90 


90 


42 


42 


26 


18 








— 54 


— 6 


— 6 


6 


18 


6 


18 


X.47 


840 


840 


— 56 






— 24 


— 24 






8 


8 


-6 




6 


56 


— 8 




36 


-8 


36 


—8 


X.48 


840 


840 


— 56 






— 24 


— 24 






8 


— 8 


-6 




6 


56 


— 8 




— 12 


8 


— 12 


8 


X.49 


896 


—896 




— 96 


96 


— 64 


64 


32 


— 32 






-4 


11 


8 
















X.50 


945 


945 


49 


— 75 


-75 


105 


105 


-3 


—3 


9 


— 7 






9 


-63 


—39 


5 


— 3 


-7 


— 3 


-7 


X.51 


945 


945 


49 


— 75 


-75 


—39 


—39 


45 


45 


-7 


— 7 






9 


-63 


9 


5 


9 


-7 


9 


-7 


X.52 


945 


945 


49 


— 15 


-15 


129 


129 


33 


33 


33 


— 7 






9 


-63 


— 15 


1 


—3 


—7 


— 3 


—7 


X.53 


945 


945 


49 


— 15 


-15 


— 15 


— 15 


— 15 


— 15 


17 


17 






9 


-63 


33 


1 


9 


17 


9 


17 


X.54 


945 


945 


49 


105 


105 


— 15 


— 15 


9 


9 


17 


1 






9 


-63 


33 


—7 


—3 


1 


—3 


1 


X.55 


1080 


1080 


56 


120 


120 


24 


24 


24 


24 


24 


8 






—9 


-72 


24 


-8 




8 




8 


X.56 


1120 


-1120 




-40 


40 


-80 


80 


24 


-24 






-14 


— 5 


4 








8 


8 


-8 


-8 


X.57 


1344 


— 1344 




16 


-16 


160 


-160 


16 


-16 






-6 


-6 


12 








16 


-16 


-16 


16 


X.S8 


1680 


1680 


-112 






144 


144 






-48 




-12 




12 


112 


48 




-8 




-8 




X.59 


1680 


-1680 




100 


-100 


-56 


56 


36 


-36 






-12 




12 








-12 


-4 


12 


4 


X.60 


1680 


1680 


-112 






-48 


-48 






16 


16 


15 




-6 


112 


-16 




24 


-16 


24 


-16 


X.61 


1680 


1680 


-112 






-48 


-48 






16 


-16 


15 




-6 


112 


-16 




-8 


16 


-8 


16 


X.&2 


1680 


-1680 




-140 


140 


8 


-8 


20 


-20 






6 


15 


-12 








20 


-4 


-20 


4 


X.63 


1680 


-1680 




20 


-20 


136 


-136 


-12 


12 






-12 




12 








-12 


28 


12 


-28 


X.64 


1890 


1890 


98 


-30 


-30 


114 


114 


18 


18 


50 


10 






-9 


-126 


18 


2 


6 


10 


6 


10 


X.65 


1890 


1890 


98 


-150 


-150 


66 


66 


42 


42 


2 


-14 






-9 


-126 


-30 


10 


6 


-14 


6 


-14 


X.66 


1920 


-1920 




160 


-160 


-64 


64 


32 


-32 






12 


15 


















X.67 


2520 


2520 


-168 






120 


120 






-40 


-24 


9 






168 


40 




-4 


24 


-4 


24 


X.68 


2520 


2520 


-168 






120 


120 






-40 


24 


9 






168 


40 




12 


-24 


12 


-24 


X.69 


2688 


-2688 




160 


-160 


64 


-64 


32 


-32 






-12 


6 


-12 










-32 




32 


X.70 


2835 


2835 


147 


135 


135 


171 


171 


15 


15 


11 


3 








-189 


-69 


-9 


-9 


3 


-9 


3 


X.71 


2835 


2835 


147 


135 


135 


27 


27 


63 


63 


-5 


3 








-189 


-21 


-9 


3 


3 


3 


3 


X.72 


2835 


2835 


147 


-45 


-45 


-45 


-45 


-45 


-45 


51 


3 








-189 


99 


3 


3 


3 


3 


3 


X.73 


2835 


2835 


147 


-225 


-225 


27 


27 


-9 


-9 


— 5 


3 








-189 


-21 


15 


-9 


3 


-9 


3 


X.74 


2835 


2835 


147 


135 


135 


27 


27 


-33 


-33 


— 5 


-21 








-189 


-21 


-9 


3 


-21 


3 


-21 


X.75 


2835 


2835 


147 


-225 


-225 


-117 


-117 


39 


39 


-21 


3 








-189 


27 


15 


3 


3 


3 


3 


X.76 


2835 


2835 


147 


135 


135 


-117 


-117 


15 


15 


-21 


-21 








-189 


27 


-9 


15 


-21 


15 


-21 


X.77 


2835 


2835 


147 


-45 


-45 


99 


99 


3 


3 


67 


-21 








-189 


51 


3 


-9 


-21 


-9 


-21 


X.73 


3024 


-3024 




-204 


204 


-24 


24 


52 


-52 








9 










-12 


12 


12 


-12 


X.79 


3024 


-3024 




-156 


156 


168 


-168 


4 


-4 








9 










-12 


12 


12 


-12 


X.80 


3024 


-3024 




84 


-84 


-24 


24 


-44 


44 








9 










36 


12 


-36 


-12 


X.81 


3240 


3240 


-216 






72 


72 






-24 


-24 








216 


24 




36 


24 


36 


24 


X.82 


3240 


3240 


-216 






72 


72 






-24 


24 








216 


24 




-12 


-24 


-12 


-24 



54 
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Character table of H(Co2) (continued) 



2 


13 


11 


11 


12 


12 


10 


11 


11 


9 


9 


9 


9 


10 


10 


8 8 


8 


2 


6 


5 


7 


6 


6 5 


5 


3 




1 


1 






1 






1 


1 


1 


1 










1 


4 


3 


3 


2 


2 2 


2 


5 
7 


































1 




1 












4h 


4i 


4j 


4k 


4Z 


4m 


4n 


4o 


4p 


4q 


4r 
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-1 


X.25 


1 


1 


i 


1 


1 


i 


3 


1 


1 






2 


_2 


6 


—2 


-2 






_2 








-2 








. -6 


X.26 


2 


2 


2 


-1 


-1 


2 




— 1 


_1 






—6 


_2 


—2 


2 


2 






_2 








-2 








. 3 


X.27 








-3 


-3 






-1 


— 1 




— i 








4 


-4 




















i i 


1 


X.28 


2 


2 


— 2 


2 


-2 


-2 










2 












2 


2 




—2 


—2 














X.29 




-2 




-3 


-3 


-2 


-2 


— 1 


_1 












—4 


4 


















i 




'. -8 


X.30 


i 


-1 


i 


-2 


-2 


-1 


1 


— 2 


_2 






8 


























l 




. 10 


X.31 
























3 


3 


— 5 


3 


3 


-i 


_1 


— 1 


— 1 


— 1 




-i 


— 1 






. -9 


X.32 
















—2 


2 
















-2 


—2 




2 


2 










-i -i 


1 


X.33 


4 


-4 


-4 


-2 


2 


4 




2 


— 2 
















-2 


2 




2 


— 2 










-l -l 


1 


X.34 


—2 


2 


— 2 


—2 


-2 


2 




2 


2 


































l -l 


-1 -6 


X.35 








3 


3 






— 1 


_1 






—6 


_2 


6 


2 


2 






2 








2 






-2 




X.36 






















_i 


_3 


5 


—3 


—3 


-3 


i 


1 


1 


i 


i 


1 


1 


i 








X.37 






















— 1 


_3 


1 


1 


1 


1 


1 


1 


_3 


1 


1 


1 


1 


1 








X.38 






















_ ;L 


_3 


1 


1 


1 


1 


1 


1 


_3 


1 




1 


1 


1 








X.39 




— 1 




4 


4 


— 1 


3 










4 


—4 


-4 


























! -3 


X.40 








-3 


3 






1 


_1 




_2 












2 


2 




_2 


_2 










-2 ! 




X.41 














-4 








1 




























-i 


2 


'. 8 


X.42 


4 




-4 


i 


-1 






1 


_1 
















-2 


_2 




2 


2 








-i 






X.43 




-4 




3 


-3 


4 




1 


— 1 
















2 


_2 




— 2 


2 








-l 






X.44 






















— 1 
































'. 3 


X.45 






















— 1 
































. 3 


X.46 






















— 2 


—6 


_2 


—2 


—2 


-2 






2 








-2 










X.47 














-2 






2 














-2 


2 




2 


2 


_2 




2 






'. 2 


X.48 














-2 






—2 














-2 


—2 




—2 


-2 


2 




2 






2 


X.49 


-4 




4 


— 1 










































-i 


-1 1 


-1 


X.50 


-3 


3 


-3 






3 








— 1 




1 


5 


i 


-1 


3 




_i 


3 


1 


— 1 


— 1 












X.51 


-3 


3 


-3 






3 


1 






— 1 




1 


1 


—3 


3 


-1 


-1 


1 


_1 


— 1 


1 


1 


-i 


-1 








X.52 


3 


_3 


3 






-3 


1 






— 1 




1 


_7 


1 


1 


1 


-1 


— 1 


_3 


_1 


— 1 


— 1 


1 


-1 








X.53 


3 


-3 


3 






-3 


1 






_1 




1 


5 


—3 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 








X.54 


3 


3 


3 






3 


1 






1 




_7 


1 


1 


1 


1 


-1 


— 1 


1 


_1 


— 1 


— 1 


1 


-1 








X.55 


-3 


-3 


-3 






-3 


-1 






— 1 


2 


—8 
































X.56 


-2 


-2 


2 


i 


-1 


2 




3 


_3 






































X.57 


-2 


2 


2 


-2 


2 


-2 




_2 


2 






































X 58 














-4 








































4 


X.59 


-2 


2 


2 


4 


-4 


-2 






















-2 


2 




2 


-2 














X.60 














2 






-2 


































! -5 


X.61 














2 






2 


































. -5 


X.62 


2 


2 


-2 


-i 


i 


-2 






















2 


2 




-2 


-2 














X.63 


-2 


-2 


2 


-2 


2 


2 






















2 


2 




-2 


-2 














X.64 


-3 


3 


-3 






3 


-1 






i 




2 


-2 


-2 


2 


2 






-2 








2 










X.65 


3 


-3 


3 






-3 


-1 






1 




2 


6 


-2 


2 


2 






2 








-2 










X.66 


-4 


-4 


4 






4 












































X.67 


































-2 


2 




-2 


2 


-2 




2 






'. -3 


X.68 


































-2 


-2 




-2 


-2 


2 




2 






. -3 


X.69 




2 


2 


-2 


2 


-2 




2 


-2 






































X.70 
























3 


7 


3 


1 


-3 


-i 


i 


1 


-i 


1 


1 


1 


-i 








X.71 
























3 


3 


-1 


-3 


1 


1 


-1 


-3 


1 


-1 


-1 


1 


1 








X.72 
























3 


7 


-1 


-1 


-1 


-1 


-1 


-1 


-1 


-1 


-1 


-1 


-1 








X.73 
























3 


-1 


3 


-3 


1 


-1 


1 


-3 


-1 


1 


1 


1 


-1 








X.74 
























3 


3 


-1 


1 


-3 


1 


-1 


-3 


1 


-1 


-1 


1 


1 








X.75 
























3 


-5 


-1 


1 


-3 


1 


-1 


1 


1 


-1 


-1 


1 


1 








X.76 
























3 


-1 


-5 


-3 


1 


-1 


1 


1 


-1 


1 


1 


1 


-1 








X.77 
























3 


-5 


3 


-1 


-1 


1 


1 


3 


1 


1 


1 


-1 


1 








X.78 








3 


-3 






1 


-i 
















2 


-2 




-2 


2 










1 -1 


1 


X.79 








-3 


3 






1 


-1 
















-2 


-2 




2 


2 










1 1 


-1 


X.80 








3 


-3 






1 


-1 
















-2 


2 




2 


-2 










1 1 


-1 


X.81 






















-1 












2 


-2 




2 


-2 


2 




-2 








X.82 






















-1 












2 


2 




2 


2 


-2 




-2 
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Character table of H(Co2) (continued) 



2 


5 


5 


5 


5 


5 


5 


4 


4 


4 


4 


4 


4 


4 4 


4 


3 


2 


2 


l 


5 


5 


l 


3 


2 1 


3 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


l 


1 


1 1 


1 








l 






2 


1 


1 


5 




































l 










1 


7 






























1 


1 


1 












1 




l.2/i 12c 12d 12e 12/ 12 9 12ft 12; 12; 12A 12/ 12m 


12n l2o 12p 14a 146 14c 15a 16a 166 18a 24a 28a 30a 


2P 


6c 


ac- 


On 


6a 


6e 


6n 


Ho 


Hrf 


6o 


6 71 


(in 


lid 


6d 6o 


Go 


7a 


7a. 


7a 15a 


Si. 


8 c 


9a 126 14a 15a 


3P 


4a 


id 


4e 


46 


4/ 


4.0 


4p 


4t 


iq 


4.7 


4c 


4m 


4m 4s 


4r 14a 14c 146 


5a 16a 166 


6a 


8a 28a 10a 


BP 


126 12c 12d 12e 12f 12a 12h 12i 12j 12k 121 


12n 12m 12o 12p 14a 14c 146 


36 16a 166 18a 24a 28a 66 


7P 


12b 12c 12d 12c 12/ 12a 12/i 12i 12 j 12k 121 12m 


12n 12o 12p 


2 a 


26 


26 15a 16a 166 18a 24a 


4a 30a 


X. 1 


1 


i 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 1 


X.2 


1 




-1 


2 




-1 


-2 






-1 


1 






-2 








-1 


1 


-1 


1 


-1 


. -1 


X.3 


3 


-i 


-1 


1 


-i 


-1 




-1 


-2 


1 


1 


-i 


-1 -2 




i 


i 


i 




-1 


1 




-1 


1 


X.4 




-2 


2 




2 


-2 


i 




1 








. -1 


-i 


-2 






i 






-i 




. -1 


X.5 




1 




-1 


1 






1 




2 


—2 


l 


1 










l 


— 1 


— 1 






1 


X.6 




— 1 




3 


— 1 




2 


— 1 








— i 


— 1 


2 








l 


1 


— 1 






1 


X.7 














1 




— 1 








. —1 


1 






~ i 


—l 


— 1 


1 








X.8 


2 


1 




3 


1 




— 1 


1 


— 1 




—2 


l 


1—1 


— 1 










1 


1 


— i 






X.9 


2 


— 1 




— 1 


— 1 




— 1 


— 1 


1 


2 




—l 


— 1 1 


— 1 










1 


— 1 


— i 






x.io 


2 






—2 






1 




— 1 


— 2 






. — 1 


1 














— i 






X.ll 


1 


— 1 


1 


— 1 


— 1 


1 


— 1 


— 1 


— 1 


— 1 


— 1 


— l 


— 1 — 1 


— 1 














i 


1 




X.12 


3 






















1 




















-j^ 




X.13 


3 




1 


2 












_ 1 


















_ 1 


_1 




1 




X.ll 


3 




_ i 


2 




_ i 






2 


_ 1 


_ i 




2 












_ 1 


1 




_1 




X.15 


_3 












1 




1 


1 






_ i i 


_ 1 










_ 1 


1 




1 




X.16 






_2 






2 


_2 














2 




















X.17 


2 


3 


2 


_ i 


3 


2 


















i 


— i 


_ i 












1 


X.18 








_2 






_1 




1 


_2 


_2 




1 


_1 


l 


i 


i 












1 


X.19 


2 




_2 


_ i 




_2 




3 














i 


— l 


_ i 












1 


X.20 


_3 




1 














_ 1 


_ i 








2 








_ 1 


_ i 




1 


— 2 


X.21 


_3 




_ i 


2 




_ i 








_1 


1 














i 








— 1 


1 


X.22 














1 












1 


1 








_ i 


_ 1 


_ i 






. — 1 


X.23 














1 




_ i 








_ i 


1 








_i 


I 


— i 






. — 1 


X.24 














1 












1 


1 








_i 


I 


1 






. -1 


X.2 5 


3 






_2 






1 




1 


1 






1 


1 




















X.26 




1 




_ i 






_1 




_ i 


2 


2 




1_1 


_ 1 




















X.27 














_1 




1 








1 


_1 


-1 


_ j 




i 










-i i 


X.28 




2 








2 






_2 








2 




-2 


















X .29 


_2 












1 




_ i 




_2 




_1 


1 














i 






X.30 


1 






_2 














_ i 




















i 






X.31 








3 


1 






































X.32 




2 






_2 




2 














_2 








i 










! — i 


X.33 




_2 






2 


























i 










. — i 


X.34 




















_2 
















i 










l 


X.35 




































i 










l 


X.36 






























-1 


— i 


_ i 




1 








— l 


X.37 






























_ i 
















i 


X.38 


































A 




— 1 


— 1 








X.39 




— 1 






— 1 






— 1 






— 1 


~ i 


— 1 




■ 
















■ 


X.40 














1 




— 1 








1 


— 1 




■ 




—l 












X.41 


—4 




























1 


1 


1 


—l 






— i 






X.42 




2 






— 2 




— 1 




1 








. —1 


1 














l 






X.43 




—2 






2 




— 1 




— 1 








1 


1 














i 






X.44 




1 




-1 


1 






1 








B 


B 




— 1 


1 


1 












— l 


X.45 




1 




-1 


1 






1 








B 


B 




-1 


1 


1 












-l 


X.46 






























-2 
















2 


X.47 


2 




-2 


-2 




-2 




































X.48 


2 




2 


-2 




2 




































X.49 


















— 1 










— 1 


















. — 1 


X.50 


-3 




-1 






-i 








i 


-i 
















i 


-i 




i 




X.r>i 


-3 




-1 






-1 








l 


-i 
















-l 


i 




l 




X.52 


-3 




-1 






-1 








-i 


i 
















l 


i 




l 




X.53 


-3 




-1 






-1 








-i 


i 
















-l 


-l 




l 




X.54 


-3 




1 






1 








-l 


-l 
















l 


l 




-l 




x.55 


3 




-1 






-1 








l 


i 








2 














l 


-2 '. 


X.50 




2 


2 




-2 


-2 




































X.57 




-2 


2 




2 


-2 




































X.58 


4 


-2 






-2 






-2 








2 


2 '. 






















X.5 9 






2 






-2 




































X.OO 


-2 


-3 


2 


-i 


-3 


2 




1 








i 


i 






















X.61 


-2 


1 


-2 


-1 


1 


-2 




-3 








1 


l 






















X.62 




2 


2 




-2 


-2 






i 








. -l 






















X.63 






-2 






2 






2 








. -2 






















X.G4 


3 




1 






1 








i 


-i 






















-i 




X.65 


3 




1 






1 








-l 


l 






















-l 




X.OO 


























! -i 




-2 


















X.67 




-1 




1 


-i 






3 








-i 


-l 






















X.68 




3 




1 


3 






-1 








-l 


-l 






















X.69 






-2 






2 




































X.70 






































-i 


i 








X.71 






































l 


-l 








X.72 






































l 


l 








X.73 






































-i 


l 








X.74 






































l 


-l 








X.75 






































l 


-i 








X.76 






































-i 


l 








X.77 






































-l 


-i 








X.78 














i 




i 








'. -i 


-i 








-i 










'. i 


X.79 














1 




-i 








l 


-i 








-l 










1 


X.80 














1 




l 








. -l 


-l 








-l 










1 


X.81 






























-i 


i 


i 












-1 


X.82 






























-1 


l 


l 












-1 
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Character table of H(Co2) (continued) 



2 


18 


18 


17 


14 


14 


16 


16 


14 


14 


15 11 


6 


5 


7 


14 


14 


13 


12 


12 


12 


12 


3 


4 


4 


1 


2 


2 


2 


2 


1 


1 


. 1 


4 


3 


3 


3 


1 


1 


1 


1 


1 


1 


■:> 


1 


1 


■ 


1 


1 














1 




■ 














7 


1 


1 


1 






















1 
















la 


2a 


2b 


2c 


2d 


2e 


2 f 


2a 

^g 


2h 


2i 2j 


3a 


36 


3c 


4a 


46 


4c 


Ad 


4e 


4 f 


4a 
^9 


2P 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la la 


3a 


36 


3c 


2a 


2a 


26 


2/ 


26 


2/ 


26 


3P 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


2fl 


2h 


2i 2j 


la 


la 


la 


4a 


46 


4c 


4d 


4e 


4/ 


49 


5P 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


2g 


2h 


2i 2j 


3a 


36 


3c 


4a 


46 


4c 


id 


4e 


4/ 


4g 


7P 


la 


2a 


26 


2c 


2d 


2e 


2/ 


29 


2h 


2i 2j 


3a 


36 


3c 


4a 


46 


4c 


id 


4e 


4/ 


4g 


X.83 


3360 


-3360 




40 


-40 


-112 


112 


40 


-40 




12 


-15 


12 








24 


-8 


-24 


8 


X.84 


3360 


-3360 




200 


-200 


16 


-16 


8 


-8 




-6 


15 










-8 


24 


8 


-24 


X.85 


3456 


-3456 




-96 


96 


192 


-192 


32 


-32 






-9 


















X.86 


3780 


3780 


196 


-60 


-60 


132 


132 


-60 


-60 


4 4 






9 


-252 


-60 


4 


12 


4 


12 


4 


X.87 


3780 


3780 


196 


-60 


-60 


-156 


-156 


36 


36 


-28 4 






9 


-252 


36 


4 


-12 


4 


-12 


4 


X.88 


4480 


-4480 




-160 


160 


-64 


64 


-32 


32 




-20 


10 


4 










-32 




32 


X.89 


4480 


-4480 




160 


-160 


192 


-192 


32 


-32 




16 


-5 


-8 
















X.90 


5040 


5040 


-336 






48 


48 






-16 . 


18 






336 


16 




-24 




-24 




X.91 


5040 


-5040 




-180 


180 


-168 


168 


12 


-12 




18 












-20 


-12 


20 


12 


X.92 


5376 


-5376 




-64 


64 


128 


-128 


-64 


64 




12 


6 


















X.93 


5670 


5670 


294 


270 


270 


-90 


-90 


-18 


-18 


-26 6 








-378 




-18 


-6 


6 


-6 


6 


X.94 


6048 


-6048 




-120 


120 


-48 


48 


8 


-8 






-9 










24 


24 


-24 


-24 


X.95 


6480 


-6480 




180 


-180 


-216 


216 


-12 


12 
















-12 


12 


12 


-12 


X.96 


6720 


6720 


-448 






-192 


-192 






64 . 


6 




12 


448 


-64 












X.97 


6720 


-6720 




80 


-80 


32 


-32 


-48 


48 




6 




12 








-16 


-16 


16 


16 


X.98 


7560 


7560 


392 


-120 


-120 


-24 


-24 


-24 


-24 


-24 8 






-9 


-504 


-24 


8 




8 




8 


X.99 


7680 


7680 


-512 
















-24 




-12 


512 














X.100 


8192 


-8192 


















-16 


-16 


-16 

















Character table of H(Co 2 ) (continued) 



2 


13 


11 11 


12 


12 


10 


11 11 


9 


9 


9 


9 


10 


10 


8 8 


8 


2 


6 5 


7 


6 


6 


5 


5 


3 




1 1 






1 




1 


1 


1 


1 










1 


4 3 


3 


2 


2 


2 


2 


5 
7 






























1 


1 














4h 


Ai Aj 


Ah 


AI 


Am 


An Ao 


4p 


Aq 


Ar 


4s 


At 


Au 


4 c Au 


Ax 


5a 


6a 66 


6c 


fid 


6e 


6/ 


6 S 


2P 


26 


2e 26 


2e 


2e 


2e 


26 2/ 


29 


2g 


2g 


2g 


26 


2 c 


2i 2g 


2g 


5 a 


3a 36 


3c 


3 a 


3 a 


36 


36 


3P 


Ah 


Ai Aj 


Ak 


AI 


Am 


4n 4o 


4p 


Aq 


Ar 


4s 


At 


Au 


Av Aw 


Ax 


5a 


2a 2a 


2a 


2e 


2/ 


2c 


2d 


5P 


Ah 


Ai Aj 


Ak 


AI 


Am 


An Ao 


4p 


Aq 


Ar 


4s 


At 


Au 


Av Aw 


Ax 


la 


6a 66 


6c 


6d 


6e 


«/ 


fig 


7P 


Ah 


Ai Aj 


Ak 


AI 


Am 


An Ao 


Ap 


Aq 


Ar 


4 s 


At 


Au 


Av Aw 


Ax 


5 a 


6a 66 


6c 


(id 


6e 


«/ 


«9 


X.83 






-8 


8 






4 


A 


-4 


-4 






. -4 


A 




-12 15 


-12 


-4 


4 


1 


-1 


X.84 






-8 


8 






-4 


-4 


4 


4 






. -4 


A 




6 -15 




-2 


2 


-1 


1 


X.85 














8 


-8 


-8 


8 












9 








-3 


3 


X.86 


A 


12 A 


-4 


-4 


12 


A -4 










A 


-4 


4 '. 








9 










X.87 


-28 


-12 4 


4 


4 


-12 


4 4 










A 


4 


-4 . 








9 










X.88 
































20 -10 


-4 


-4 


4 


2 


-2 


X.89 














-8 


8 


8 


-8 












-16 5 


8 






1 


-1 


X.90 




-24 '. 


-8 


-8 


24 


'. -8 












8 








18 




6 


6 






X.91 






12 


-12 






-6 


-6 


6 


6 






'. -2 


2 




-18 




6 


-6 






X.92 
































-12 -6 




-4 


4 


2 


-2 


X.93 


14 


-6 6 


2 


2 


-6 


-2 2 


-6 


-6 


-6 


-6 


-10 


2 


2 2 


2 
















X.94 






-8 


8 






-4 


-4 


4 


4 






. 4 


-4 


-2 


'. 9 










-3 


X.95 






20 


-20 






6 


6 


-6 


-6 






. 2 


-2 
















X.96 
































6 '. 


12 


-6 


-6 






X.97 






-16 


16 
























-6 


-12 


2 


-2 


-4 


4 


X.98 


-24 


'. 8 








8 '. 










8 












-9 










X.99 
































-24 '. 


-12 










X.100 






























2 


16 16 


16 











Character table of H(Go2) (continued) 



5 5 5 
2 2 2 



9 8 8 7 7 7 



6fc 6?' (yj ()/.' (i/ (>m (m Go Op 69 7a 8a 



: 8e 8/ 89 8h 8i 8j 8k 81 8m 9a 10a 106 10c 12a 



2P 
3P 
5P 
7P 



3c 3c 3c 36 36 3c 3c 36 36 3c 7a 4a 46 46 Ah Ah Ai Ao Ah Ai Ao Ak An Ad 9a 5a 5a 5a 6a 

2e 2d 2/ 2e 2/ 2c 26 2g 2h 2j 7a 8a 86 8c 8d 8e 8/ 8g 8h 8i 8j 8fe 81 8m 3a 10a 106 10c 4a 

6h 6i 6j 6k 61 6m 6n 60 6p 69 7a 8a 86 8c 8d 8e 8/ 89 8h 8i 8j 8fe 81 8m 9a 2a 2d 2c 12a 

6h 6i 6j 6k 61 6m 6n 60 6p 69 la 8a 86 8c 8d 8e 8/ 89 8ft 8i 8j 8k 81 8m 9a 10a 106 10c 12a 



X.83 
X.84 
X.85 
X.86 
X.87 
X.88 
X.89 
X.90 
X.91 
X.92 
X.93 
X.94 
X.95 
X.96 
X.97 
X.98 
X.99 
X.100 



2 -2 -1 
4-4 1 



■3 -3 
3 -3 

-2 -2 
■4 . 



1 -2 

1 -4 

■3 . 

. -3 

. -3 

-2 2 

-3 4 



1 -1 
-1 1 



-A -4 - 
„4 4 



2 -2 -4 
-3 3 ! 



2 -2 

-i i 



6 -6 2 2 2 



-1 -1 
2 '. 



-2 -2 -4 4 

3 3.. 



. -4 

2 . 

3 -1 
. 4 



58 
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Character table of H(Co2) (continued) 



126 12c 12d 12e 12/ 12 g V2h 12i 12j 12k 121 12m 12n 12o 12p 14g 146 14c 15g 16a Kit. 18a 24a 28a 30a 
6c 6e 6n 6a 6e 6n 6o 6d 6o 6n 6n 6d 6d 6o 6o 7a 7a 7a 15a 86 8c 9a 126 14a 15a 
4q 4j 4c 4m 4m 4s 4r 14a 14c 146 5a 16a 166 6a 8a 28a 10a 
126 12c 12d 12e 12/ 12g 12h 12i 12j 12k 121 12n 12m 12o 12p 14a 14c 146 36 16a 166 18a 24a 28a 66 
126 12c 12d 12e 12/ 12a 12fe 12i 12j 12fc 12i 12m 12n 12o 12p 2a 26 26 15a 16a 166 18a 24a 4a 30a 



2P 
3P 
5P 
7P 



X.83 
X.84 
X.85 
X.86 
X.87 
X. 

X.89 
X.90 
X.91 
X.92 
X.93 
X.94 
X.95 
X.96 
X.97 
X.98 
X.99 
X.100 



-1 
1 

1 2 



where A = iy/7, B = -l-iV3. 
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B.2. Character table of D(Co2) = (x, y) 



2 


18 


18 


14 


14 


17 


16 


16 


14 


14 


14 


14 


14 


15 


13 


13 


13 


13 


14 


13 


11 


12 


12 


12 


3 


2 


2 


2 


2 


1 


1 


1 


1 


1 


1 


1 


1 




1 


1 


1 


1 






1 








5 


















































la 


2a 


2b 


2c 


2d 


2e 


2/ 


29 


2h 


2i 


2j 


2k 


21 


2m 


2n 


2o 


2p 


2g 


2r 


2s 


2t 


2 ■(./, 


2v 


2P 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


3P 


la 


2 a 


2 b 


2c 


2d 


2e 


2/ 


2a 


2h 


2i 


2j 


2k 


21 


2m 


2n 


2o 


2p 


2g 


2r 


2s 


2f 


2u 


2v 


5P 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


2a 


2h 


2i 


2j 


2k 


21 


2m 


2n 


2o 


2p 


2q 


2r 


2s 


2f 


2u 


2v 


X.l 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.2 


1 


I 


1 


1 


1 


1 


I 


1 


1 


x 


_1 


— i 


1 


_1 


_1 


_ i 


_ i 


1 


_1 


— i 


I 


_ i 




X.3 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


3 


3 


5 


— 1 


— 1 


— 1 


— 1 


5 


3 


3 


1 


3 


1 


X.4 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


1 


1 


5 


_3 


_3 


— 3 


— 3 


5 


1 


1 


I 


1 


1 


X.5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


-1 


— 1 


5 


3 


3 


3 


3 


5 


-1 


— 1 


1 


-1 


1 


X.6 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


_3 


— 3 


5 


1 


1 


1 


1 


5 


_3 


— 3 


I 


_3 


1 


X.7 


6 


6 


— 6 


— 6 


6 


— 2 


— 2 


2 


6 


2 






— 2 


4 


4 


— 4 


— 4 


— 2 






2 




2 


X.8 


6 


6 


— 6 


— 6 


6 


— 2 


— 2 


2 


6 


2 






— 2 


—4 


— 4 


4 


4 


— 2 






2 




2 


X.9 


g 


9 


9 


9 


9 


9 


9 


9 


9 


9 


_3 


_3 


9 


_3 


— 3 


_3 


— 3 


9 


_3 


— 3 


I 


_3 


1 


X.10 


9 


9 


9 


9 


9 


9 


9 


9 


9 


9 


3 


3 


9 


3 


3 


3 


3 


9 


3 


3 


1 


3 


1 


X.ll 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


— 2 


— 2 


10 


2 


2 


2 


2 


10 


— 2 


— 2 


— 2 


— 2 


_2 


X.12 


10 


10 


— 10 


— 10 


10 


2 


2 


— 2 


10 


— 2 


4 


4 


2 


4 


4 


— 4 


— 4 


2 


4 


— 4 


2 


4 


2 


X. 13 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


2 


2 


10 


— 2 


— 2 


— 2 


— 2 


10 


2 


2 


— 2 


2 


_2 


X. 14 


10 


10 


— 10 


— 10 


10 


2 


2 


— 2 


10 


_2 


4 


4 


2 


— 4 


— 4 


4 


4 


2 


4 


— 4 


2 


4 


2 


X.15 


10 


10 


— 10 


— 10 


10 


2 


2 


— 2 


10 


— 2 


— 4 


— 4 


2 


4 


4 


— 4 


— 4 


2 


— 4 


4 


2 


— 4 


2 


X.16 


10 


10 


— 10 


— 10 


10 


2 


2 


— 2 


10 


— 2 


— 4 


— 4 


2 


—4 


— 4 


4 


4 


2 


— 4 


4 


2 


— 4 


2 


X.17 


15 


15 


15 


15 


15 


15 


15 


15 


— 1 


15 


7 


7 


15 


3 


3 


3 


3 


_1 


7 


7 


3 


— i 


3 


X.18 


15 


15 


15 


15 


15 


15 


15 


15 


— 1 


15 






15 


_3 


_3 


_3 


_3 


— i 






— i 


_3 


_1 


X.19 


15 


15 


15 


15 


15 


15 


15 


15 


— 1 


15 




_ r 


15 


3 


3 


3 


3 


— i 


_g 


_ ,- 


— i 


3 


— i 


X.20 


15 


15 


15 


15 


15 


15 


15 


15 


— 1 


15 


_7 


_7 


15 


_3 


— 3 


_3 


_3 


— 1 


_7 


_7 


3 


I 


3 


X.21 


15 


15 


15 


15 


15 


— i 


— 1 


— i 


15 


_1 


_3 


_3 


— 1 


_7 


— 7 


_7 


— 7 


— i 


_3 


_3 


3 


_3 


3 


X.22 


15 


15 


15 


15 


15 


— i 


— i 


— i 


15 


— i 


_3 


_3 


— 1 


5 


5 


5 


5 


— 1 


_3 


_3 


— i 


_3 


_1 


X.23 


15 


15 


15 


15 


15 


— i 


— 1 


— i 


15 


— 1 


3 


3 


— 1 


7 


7 


7 


7 


— i 


3 


3 


3 


3 


3 


X.24 


15 


15 


15 


15 


15 


— 1 


— 1 


— 1 


15 


— 1 


3 


3 


— 1 


— 5 


— 5 


— 5 


— 5 


— 1 


3 


3 


-1 


3 


— 1 


X.25 


16 


— 16 


— 4 


4 




8 


— 8 


4 




_4 


8 


— 8 




— 4 


4 


4 


—4 








4 




—4 


X.26 


16 


— 16 


— 4 


4 




8 


— 8 


4 




— 4 


— 8 


8 




4 


— 4 


— 4 


4 








4 




—4 


X.21 


16 


16 


16 


16 


16 


16 


16 


16 


16 


16 






16 










16 












X.28 


20 


20 


—20 


— 20 


20 


4 


4 


— 4 


20 


— 4 






4 










4 






— 4 




—4 


X.29 


24 


24 


— 24 


— 24 


24 


— 8 


— 8 


8 


24 


8 






— 8 


8 


8 


— 8 


—8 


— 8 












X.30 


24 


24 


— 24 


— 24 


24 


— 8 


— 8 


8 


24 


8 






— 8 


— 8 


— 8 


8 


8 


— 8 












X.31 


30 


30 


— 30 


— 30 


30 


— 10 


— 10 


10 


30 


10 






— 10 


— 4 


—4 


4 


4 


— 10 






2 




2 


X M 


30 


30 


30 


30 


30 


30 


30 


30 


— 2 


30 


— 2 


— 2 


30 


— 6 


— 6 


— 6 


— 6 


— 2 


— 2 


— 2 


2 


—2 


2 


X.33 


30 


30 


30 


30 


30 


30 


30 


30 


— 2 


30 


2 


2 


30 


6 


6 


6 


6 


— 2 


2 


2 


2 


2 


2 


X.34 


30 


30 


— 30 


—30 


30 


— 10 


— 10 


10 


30 


10 






— 10 


4 


4 


— 4 


—4 


— 10 






2 




2 


X.35 


30 


30 


30 


30 


30 


— 2 


— 2 


— 2 


30 


— 2 


6 


6 


— 2 


2 


2 


2 


2 


— 2 


6 


Q 


2 


Q 


2 


X.36 


30 


30 


30 


30 


30 


— 2 


— 2 


— 2 


30 


— 2 


—6 


—6 


— 2 


— 2 


— 2 


— 2 


— 2 


— 2 


—6 


— 6 


2 


—6 


2 


X.37 


36 


36 


— 36 


—36 


36 


— 12 


— 12 


12 


36 


12 






— 12 










— 12 






— 4 




—4 


X.38 


40 


40 


—40 


—40 


40 


8 


8 


—8 


40 


— 8 






8 


8 


8 


— 8 


—8 


8 












X.39 


40 


40 


—40 


— 40 


40 


8 


8 


—8 


40 


— 8 


— 8 


—8 


8 










8 


— 8 


8 




—8 




X.40 


40 


40 


— 40 


— 40 


40 


8 


8 


—8 


40 


— 8 


8 


8 


8 










s 


8 


— 8 




8 




X.41 


40 


40 


— 40 


— 40 


40 


8 


8 


—8 


40 


— 8 






8 


— 8 


— 8 


8 


8 


8 












X.42 


45 


45 


45 


45 


45 


— 3 


— 3 


—3 


45 


— 3 


_3 


—3 


— 3 


9 


9 


9 


9 


— 3 


— 3 


— 3 


1 


—3 


1 


X.43 


45 


45 


45 


45 


45 


_3 


_3 


_3 


_3 


_3 


9 


9 


— 3 


_3 


_3 


_3 


— 3 


13 


9 


9 


1 


1 


1 


X.44 


45 


45 


45 


45 


45 


— 3 


— 3 


— 3 


—3 


— 3 


— 3 


—3 


— 3 


9 


9 


9 


9 


13 


— 3 


— 3 


1 




1 


X.45 


45 


45 


45 


45 


45 


45 


45 


45 


_3 


45 


9 


g 


45 


_3 


_3 


_3 


_3 


_3 


9 


9 


I 


1 


1 


X.46 


45 


45 


45 


45 


45 


_3 


_3 


_3 


45 


— 3 


_3 


_3 


_3 


— 3 


_3 


_3 


_3 


_3 


_3 


_3 


_3 


_3 


_3 


X.47 


45 


45 


45 


45 


45 


— 3 


— 3 


— 3 


—3 


— 3 


3 


3 


—3 


— 9 


— 9 


— 9 


— 9 


13 


3 


3 


1 




1 


X.48 


45 


45 


45 


45 


45 


_3 


_3 


_3 


45 


_3 


3 


3 


_3 


— 9 


— 9 


— 9 


— 9 


_3 


3 


3 


I 


3 


1 


X.49 


45 


45 


45 


45 


45 


_3 


— 3 


_3 


_3 


_3 


—9 


— 9 


_3 


3 


3 


3 


3 


13 


— 9 


— 9 


I 


— i 


1 


X. ">() 


45 


45 


45 


45 


45 


_3 


_3 


— 3 


45 


_3 


3 


3 


_3 


3 


3 


3 


3 


— 3 


3 


3 


_3 


3 


_3 


X.51 


45 


45 


45 


45 


-1 r > 


45 


45 


■15 


—3 


45 


— 9 


— 9 


45 


3 


3 


3 


3 


— 3 


—9 


— 9 


1 


-1 


1 


X.52 


45 


45 


45 


45 


45 


45 


45 


45 


_3 


45 


3 


3 


45 


3 


3 


3 


3 


_3 


3 


3 


_3 


— 5 


_3 


X.53 


45 


45 


45 


45 


45 


_3 


_3 


3 


_3 


_ 3 


3 


3 


_ 3 


3 


3 


3 


3 


13 


3 


3 


_3 




_3 


X.54 


45 


45 


45 


45 


45 


_3 


_3 


_3 


_3 


_3 


9 


9 


_3 


9 


9 


9 


9 


13 


9 


9 




1 




X.55 


45 


45 


45 


45 


45 


45 


45 


45 


_3 


45 


_3 


_3 


45 


_3 


_3 


_3 


_3 


_3 


_3 


_3 


_3 


5 


_3 


X.56 


45 


45 


45 


45 


45 


— 3 


— 3 


— 3 


—3 


— 3 


_3 


— 3 


—3 


— 3 


— 3 


— 3 


— 3 


13 


— 3 


— 3 


—3 


5 


—3 


X.57 


45 


45 


45 


45 


45 


_3 


_3 


_3 


_3 


_3 


—9 


— 9 


—3 


— 9 


— 9 


— 9 


— 9 


13 


— 9 


— 9 


5 


— i 


5 


X.58 


60 


60 


— 60 


-60 


60 


12 


12 


— 12 


— 4 


— 12 


— 16 


— 16 


12 










12 


— 16 


16 


4 




4 


X.59 


60 


60 


— 60 


-60 


60 


12 


12 


— 12 


— 4 


— 12 


— 8 


— 8 


12 










12 


— 8 


8 


— 4 


8 


—4 


X 60 


60 


60 


— 60 


-60 


60 


12 


12 


— 12 


— 4 


— 12 


16 


16 


12 










12 


16 


— 16 


4 




4 


X.61 


60 


60 


-60 


-60 


60 


12 


12 


-12 


-4 


-12 


8 


8 


12 










12 


8 


-8 


-4 


-8 


-4 


X.62 


80 


-80 


-20 


20 




40 


-40 


20 




-20 


-24 


24 




-4 


4 


4 


-4 








4 




-4 


X.63 


80 


-80 


-20 


20 




40 


-40 


20 




-20 


24 


-24 




4 


_4 


-4 


4 








4 




-4 


X.64 


80 


-80 


-20 


20 




40 


-40 


20 




-20 


-8 


8 




-12 


12 


12 


-12 








4 




-4 


X.65 


80 


-80 


-20 


20 




40 


-40 


20 




-20 


8 


-8 
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Character table of D(Qo2) (continued) 





11 


11 




11 


11 


11 


9 


9 


9 


9 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


8 


9 


5 














1 


1 


1 


1 




























1 






*21 


4 22 


4 2:! 


424 


4 2 5 


4 2(i 


4 27 


4 2S 


4 2 9 


4;ii) 


*31 


4; i2 


433 


434 


4 :i 5 


430 


4;!7 


43.x 


43!) 


4i() 


4 4l 


4-12 


443 


4 14 


4 15 


2P 


2e 


2/ 


2e 


2d 


2d 


2d 


2g 


2 a 


29 


2a 


2/j 


2/! 


2 c 


2/i 


2 c 


2 c 


2d 


2d 


2d 


2/ 


2d 


2c 


2h 


2fi 


2h 


3P 


*21 4 2 2 


*23 


42 1 


4 2 5 4 26 


4 27 4 28 


4 2 9 4 30 


4 3 1 4 32 


4 33 


*34 4 35 


436 


4 37 


43S 


439 


4 4 4 4 i 4 42 4 43 


4 4 4 4 45 


5P 


*21 


4 22 


4 23 


4 2 1 


4 2 r, 




1_>7 


U< 


1 2 <) 


hi) 


431 


li 2 


1" 


43 1 




1 »i 


437 




l;'i 


4ki 


441 


4 12 


4 13 


4 14 


4 15 


X. 1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.I 


-1 


1 


— 1 


1 


1 


-1 


-1 


-1 


-1 


-1 


1 


1 


— 1 


-1 


1 


1 


1 


1 


— 1 


-1 


-1 


-1 


-1 


-1 


1 


X.3 


3 


1 


3 




5 


3 


-1 


-1 


-1 


-1 


1 


1 


3 


-1 


1 


1 


1 


1 


— 1 


3 


3 


3 


-1 


3 


1 


X.4 


1 


1 


1 


5 


5 


1 


-3 


-3 


-3 


-3 


1 


1 


1 


-3 


1 


1 


1 


1 


_3 


1 


1 


1 


-3 


1 


1 


X.5 


-1 


1 


— 1 


5 


5 


-1 


3 


3 


3 


3 


1 


1 


-1 


3 


1 


1 


1 


1 


3 


-1 


-1 


-1 


3 


-1 


1 


X.6 


-3 


1 


— 3 


5 


5 


-3 


1 


1 


1 


1 


1 


1 


_3 


1 


1 


1 


1 


1 


1 


-3 


-3 


-3 


1 


-3 


1 


X.I 




-2 




2 


-2 




-2 


2 


2 


-2 


2 


2 




4 


-2 


2 


—2 


2 










-4 




-2 


X.8 




-2 




2 


-2 




2 


-2 


-2 


2 


2 


2 




-4 


-2 


2 


_2 


2 










4 




-2 


X.9 


-3 


1 


_3 


9 


9 


-3 


-3 


-3 


-3 


-3 


1 


1 


_3 


-3 


1 


1 


1 


1 


_3 


-3 


-3 


-3 


-3 


-3 


1 


X.10 


3 


1 


3 


9 


9 


3 


3 


3 


3 


3 


1 


1 


3 


3 


1 


1 


1 


1 


3 


3 


3 


3 


3 


3 


1 


X.ll 


-2 


-2 


— 2 


1(1 


10 


-2 


2 


2 


2 


2 


-2 


-2 


_2 


2 


-2 


_2 


_2 


_2 


2 


-2 


-2 


-2 


2 


-2 


-2 


X.12 




2 




_2 


2 


4 


2 


-2 


-2 


2 


2 


2 




4 


2 


_2 


_2 


2 






-4 




-4 


4 


-2 


X.13 


2 


-2 


2 


1(1 


10 


2 


-2 


-2 


-2 


-2 


-2 


-2 


2 


-2 


-2 


—2 


—2 


—2 


—2 


2 


2 


2 


-2 


2 


-2 


X.14 




2 




_2 


2 


4 


-2 


2 


2 


-2 


2 


2 




-4 


2 


_2 


_2 


2 






-4 




4 


4 


-2 


X. 15 




2 




_2 


2 


-4 


2 


-2 


-2 


2 


2 


2 




4 


2 


— 2 


— 2 


2 






4 




-4 


-4 


-2 


X. 16 




2 




_2 


2 


-4 


-2 


2 


2 


-2 


2 


2 




-4 


2 


— 2 


_2 


2 






4 




4 


-4 


-2 


X. 17 


7 


3 


7 


_1 


-1 


-1 


3 


3 


3 


3 


-1 


-1 


— 1 


-1 


3 


3 


3 


3 


3 


-i 


-1 


7 


-1 


-1 


-1 


X.18 


5 


-1 


5 


_1 


-1 


-3 


-3 


-3 


-3 


-3 


3 


3 


_3 


1 


-1 


— 1 


_1 


— 1 


_3 


-3 


-3 


5 


1 


1 


3 


X. 19 


-5 


-1 




1 


-1 


3 


3 


3 


3 


3 


3 


3 


3 


-1 


-1 


_ 1 


_ 1 


_ 1 


3 


3 


3 


-5 


-1 


-1 


3 


X.20 


-7 


3 


_7 


_1 


-1 


1 


-3 


-3 


-3 


-3 


-1 


-1 


1 


1 


3 


3 


3 


3 


_3 


1 


1 


-7 


1 


1 


-1 


X.21 


1 


-1 


1 


_1 


-1 


-3 


1 


1 


1 


1 


3 


3 


1 


-7 


-1 


— 1 


3 


3 


1 


1 


-3 


1 


-7 


-3 


3 


X.22 


1 


3 


1 


_1 


-1 


-3 


1 


1 


1 


1 


-1 


-1 


1 


5 


3 


3 


— 1 


— 1 


_3 


1 


-3 


1 


5 


-3 


-1 


X.23 


-1 


-1 


— 1 


— 1 


-1 


3 


-1 


-1 


-1 


-1 


3 


3 


-1 


7 


-1 


-1 


3 


3 


-1 


-1 


3 


-1 


7 


3 


3 


X.24 


-1 


3 


— 1 


— 1 


-1 


3 


-1 


-1 


-1 


-1 


-1 


-1 


-1 


-5 


3 


3 


— 1 


-1 


3 


-1 


3 


-1 


-5 


3 


-1 


X.25 


-4 




4 








2 


2 


-2 


-2 
































X.26 


4 




— 4 








-2 


-2 


2 


2 
































X.27 








Ifi 


16 










































X.28 




-4 




—4 


4 












-4 


-4 






-4 


4 


4 


— 4 














4 


X.29 








8 


-8 




-4 


4 


4 


-4 








8 


















-8 






X.30 








8 


-8 




4 


-4 


-4 


4 








-8 


















8 






X.31 




— 2 




10 


-10 




2 


-2 


-2 


2 


2 


2 




-4 


-2 


2 


—2 


2 










4 




-2 


X.32 


-2 


2 


—2 


—2 


-2 


-2 


-6 


-6 


-6 


-6 


2 


2 




2 


2 


2 


2 


2 


—6 


-2 


-2 


-2 


2 


2 


2 


X.33 


2 


2 


2 


— 2 


-2 


2 


6 


6 


6 


6 


2 


2 




-2 


2 


2 


2 


2 


6 


2 


2 


2 


-2 


-2 


2 


X.34 




-2 




10 


-10 




-2 


2 


2 


-2 


2 


2 




4 


-2 


2 


_2 


2 










-4 




-2 


X.35 


-2 


2 


— 2 


_2 


-2 


6 


-2 


-2 


-2 


-2 


2 


2 




2 


2 


2 


2 


2 


2 


-2 


6 


-2 


2 


6 


2 


X.36 


2 


2 


2 


_2 


-2 


-6 


2 


2 


2 


2 


2 


2 




-2 


2 


2 


2 


2 


_2 


2 


-6 


2 


-2 


-6 


2 


X.37 




4 




12 


-12 












-4 


-4 






4 


_4 


4 


_4 














4 


X.38 








—8 


8 




4 


-4 


-4 


4 








8 


















-8 






X.39 








—8 


8 


-8 






























8 






-8 




X.40 








—8 


8 


8 






























-8 






8 




X.41 








—8 


8 




-4 


4 


4 


-4 








-8 


















8 






X.42 


i 


-3 


i 


—3 


-3 


-3 


-3 


-3 


-3 


-3 


i 


1 


i 


9 


-3 


—3 


1 


1 


1 


1 


-3 


1 


9 


-3 


i 


X.43 


-3 


5 


_3 


_3 


-3 


1 


-3 


-3 


-3 


-3 


-3 


-3 


5 


1 


5 


5 


1 


1 


5 


5 


1 


-3 


1 


-3 


-3 


X.44 


1 


-3 


1 


—3 


-3 


5 


-3 


-3 


-3 


-3 


5 


5 


— 7 


-3 


-3 


—3 


1 


1 


1 


-7 


5 


1 


-3 


-3 


5 


X.45 


9 


1 


9 


_3 


-3 


1 


-3 


-3 


-3 


-3 


-3 


-3 


1 


1 


1 


1 


1 


1 


_3 


1 


1 


9 


1 


-3 


-3 


X.46 


1 


1 


1 


_3 


-3 


-3 


-3 


-3 


-3 


-3 


-3 


-3 




-3 


1 


\ 


_3 


_3 




1 


-3 


1 


-3 


-3 


-3 


X.47 


-1 


-3 


— 1 


—3 


-3 


— 5 


3 


3 


3 


3 


5 


5 


7 


3 


-3 


—3 


1 


1 


— 1 


7 


-5 


-1 


3 


3 


5 


X.48 


-1 


-3 


— 1 


_3 


-3 


3 


3 


3 


3 


3 


1 


1 


— 1 


-9 


-3 


_3 


1 


1 


_ 1 


-1 


3 


-1 


-9 


3 


1 


X.49 


3 


5 


3 


_3 


-3 


-1 


3 


3 


3 


3 


-3 


-3 




-1 


5 




1 


1 




— 5 


-1 


3 


— 1 


3 


-3 


X.50 


-1 


1 


— 1 


_3 


-3 


3 


3 


3 


3 


3 


-3 


-3 


_ 1 


3 




1 


_3 


_3 




-1 


3 


-1 


3 


3 


-3 


X.51 


-9 


1 


— 9 


_3 


-3 


-1 


3 


3 


3 


3 


-3 


-3 


— 1 


-1 




1 


1 


1 


3 


-1 


-1 


-9 


— 1 


3 


-3 


X.52 


3 


-3 


3 


_3 


-3 


— 5 


3 


3 


3 


3 


1 


1 


_5 


-1 


-3 


_3 


_3 


_3 


3 


— 5 


— 5 


3 


— 1 


3 


1 


X.53 


-1 


1 


_1 


_3 


-3 


— 5 


3 


3 


3 


3 


1 


1 


7 


-1 


1 


1 


_3 


_3 


_5 


7 


— 5 


-1 


— 1 


3 


1 


X.54 


-3 


1 


— 3 


_3 


-3 


1 


-3 


-3 


-3 


-3 


1 


1 




-3 


1 


1 


5 


5 


1 


5 


1 


-3 


-3 


-3 


1 


X.55 


— 3 


—3 


_3 


_3 


— 3 


5 


—3 


—3 


—3 


—3 


1 


1 


5 


1 


—3 


_3 


_3 


_3 


_3 


5 


5 


—3 


1 


—3 


1 


X.56 


1 


1 


1 


_3 


-3 


5 


-3 


-3 


-3 


-3 


1 


1 


_7 


1 


1 


1 


_3 


_3 


5 


-7 


5 


1 


1 


-3 


1 


X.57 


3 


1 


3 


_3 


-3 


-1 


3 


3 


3 


3 


1 


1 


_5 


3 


1 


1 


5 


5 


— 1 


-5 


-1 


3 


3 


3 


1 


X.58 




4 




4 


-4 












-4 


-4 






4 


— 4 


—4 


4 












4 


4 


X.59 




-4 




4 


-4 


8 










4 


4 






-4 


4 


4 


— 4 






-8 






-4 


-4 


X 60 




4 




4 


-4 












-4 


-4 






4 


—4 


—4 


4 












-4 


4 


X.61 




-4 




4 


-4 


-8 










4 


4 






-4 


4 


4 


-4 






8 






4 


-4 


X.62 


12 




-12 








2 


2 


-2 


-2 
































X.63 


-12 




12 








-2 


-2 


2 


2 
































X.64 


4 




-4 








6 


6 


-6 


-6 
































X.65 


-4 




4 








-6 


-6 


6 


6 
































X.66 








-2 


2 




-6 


6 


6 


-6 


6 


6 




-4 


2 


-2 


2 


-2 










4 




-6 


X.67 




-6 




-2 


2 




6 


-6 


-6 


6 


-2 


-2 




4 


-6 


6 


-6 


6 










-4 




2 


X.68 




2 




-2 


2 




6 


-6 


-6 


6 


6 


6 




4 


2 


-2 


2 


-2 










-4 




-6 


X.69 


-2 


-2 




-6 


-6 


6 


6 


6 


6 


6 


-2 


-2 


-2 


2 


-2 


-2 


-2 


-2 


-6 


-2 


6 


-2 


2 




-2 


X.70 




-6 




-2 


2 




-6 


6 


6 


-6 


-2 


-2 




-4 


-6 


6 


-6 


6 










4 




2 


X.71 




2 




-2 


2 


-4 


6 


-6 


-6 


6 


2 


2 




-4 


2 


-2 


-2 


2 






4 




4 




-2 


X.72 




2 




-2 


2 


-4 


-6 


6 


6 


-6 


2 


2 




4 


2 


-2 


-2 


2 






4 




-4 




-2 


X.73 


2 


-2 




-6 


-6 


-6 


-6 


-6 


-6 


-6 


-2 


-2 


2 


-2 


-2 


-2 


-2 


-2 




2 


-6 


2 


-2 




-2 


X.74 




2 




-2 


2 


4 


6 


-6 


-6 


6 


2 


2 




-4 


2 


-2 


-2 


2 






-4 




4 




-2 


X.75 




2 




-2 


2 


4 


-6 


6 


6 


-6 


2 


2 




4 


2 


-2 


-2 


2 






-4 




-4 




-2 


X.76 














4 


-4 


4 


-4 
































X.77 














-4 


4 


-4 


4 
































X.78 


-4 


4 


-4 




















4 




-4 


-4 








-4 




4 








X.79 


4 


8 


4 




















4 








-4 


-4 


4 


-4 




-4 








X.80 








8 


-8 


8 






























-8 






-8 




X.81 


4 


4 


4 




















-4 




-4 


-4 








4 




-4 








X.82 


-4 


8 


-4 




















-4 








-4 


-4 


-4 


4 




4 








X.83 


4 


-8 


4 




















4 








-4 


-4 


-4 


-4 




-4 








X.84 


-4 


4 


-4 




















4 




-4 


-4 








-4 




4 
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Character table of D(Co2) (continued) 



2 


9 


8 


8 


8 


8 


3 


3 


g 


3 


3 


3 


3 


3 


3 


3 


2 


7 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 




































2 


2 


2 


2 


2 


2 


1 


X 


1 


1 


1 


1 


5 
































X 




























4 4 6 


4 47 


4.18 


4-19 




-; 

4 51 


— - 


±55 


—. — - 

4 5-1 


— - 

±5 5 


—. — - 

±5(, 


— - 

4 5 7 


—. — - 

±5S 


4 59 


— - 


■.>a 


— — 


~TT 


-T ' 


~FT 


6e 6/ 


— 


T7 - 


—rr-r 


—TT^ 

oj 


6 k 


6i 


2P 


2h 


2Z 


2t 


2f 


2t 


2<? 


2t 


2t 




2f 


2t 


2t 


2g 


■2q 


2h 


■5 a 


3 a 


36 


3 b 


36 




.'3(7 


3a 


36 


36 


3a. 


3a 


36 


3P 


4 46 4 47 4 48 4 49 4 50 


451 


45 2 


4 53 


4 5 4 


4 55 


4 56 


4 5 7 


4 58 


4 59 


4 60 


5a 


2a 


2c 


2 b 


2a 


?k 




2d 


2g 


2i 


2j 


2h 2/ 


5P 


4 46 4 47 4 4S 4 49 4 5D 


451 


i 2 


i55 


4. VI 


±5 5 


±v; 


4 5 7 


±5^ 


l.-,n 


4(H) 


la 


6 a 


66 


6c 


Or/ 


6e 


°J 


6g 


(i/i 


6i 


Sj 


(ife 


6i 


X.l 


1 


1 


I 


1 


1 


x 


1 


1 


1 


1 


1 


1 


x 


x 


x 


1 


x 


x 


1 


x 


1 


1 


1 


1 


1 


1 


1 


1 


X.2 


— 1 


_1 


I 


— i 


_ l 


1 


— x 


_1 


1 


x 


1 


1 


x 


_1 


1 


1 


x 


x 


1 


x 


1 


1 


1 


1 


1 


— 1 


1 


1 


X.3 


_ i 


3 


_1 


1 


x 


1 


1 


1 


1 


_1 


_1 


— X 


1 


3 


1 




2 


— x 


— x 


_1 


2 


2 


2 


_1 


— 1 




2 


-1 


X.4 


— 3 


1 


_1 


— i 


_1 


1 


— x 


_1 


x 


_1 


_1 


— x 


1 


1 


1 




— x 


2 


2 


2 


-1 


-1 


— 1 


2 


2 


1 


-1 


2 


X.5 


3 


_1 


_1 


1 


x 


1 


1 


1 


1 


_1 


_1 


— x 


1 


— x 


1 




— x 


2 


2 


2 


-1 


-1 


— 1 


2 


2 


— 1 


-1 


2 


XA> 


1 


_3 


_1 


— 1 


_1 


1 


_1 


_1 


x 


_1 


_1 


— x 


1 


_3 


x 




2 


— x 


— x 


— i 


2 


2 


2 


— 1 


— \ 




2 


-1 


X.7 








2 


— 2 




2 


— 2 










_2 




2 


1 




_3 


_3 


3 








— 1 


— \ 






1 


X.8 








— 2 


2 




_2 


2 










— 2 




2 


1 




_3 


_3 


3 








— 1 


— I 






1 


X.9 


— 3 


—3 


i 


1 


1 


i 


1 


1 


i 


i 


i 


i 


X 


—3 


1 


-X 


























X.10 


3 


3 


i 


_1 


— X 


i 


— 1 


— 1 


i 


x 


i 


l 


X 


3 


1 


-X 


























X.ll 


2 


_2 
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3 


-3 


1 


— 1 




-1 


-1 


1 


1 


-1 


1 


1 


1 


-1 


-1 


1 


— 1 


X.49 
















3 


1 


1 


— 1 


-3 


1 


— 1 




-1 


-1 


1 


1 


-1 


1 


1 


1 


-1 


-1 


1 


— 1 


X.50 
















3 


X 


1 


3 


1 


-3 


_5 




-1 


1 


-1 


X 


1 


-1 


-1 


-1 


1 


1 


_ x 


x 


X.51 
















3 


_3 


_3 


— 1 


1 


1 


— 1 


— 1 


3 


1 


1 


_3 


-1 


1 


-1 


-1 


-1 


1 


— 1 


1 


X.52 
















3 


1 


1 


— 1 


1 


1 


— 1 


— 1 


3 


-1 


-1 


1 


1 


-1 


1 


1 


1 


-1 


1 


_i 


X.53 
















3 


5 


5 


-1 


-3 


1 


— 1 


— 1 


-1 


1 


-1 


—3 


1 


-1 


-1 


-1 


1 


1 


— 1 


1 


X.54 
















_3 


_3 


_3 


1 


1 


-3 


_3 


1 


1 


-1 


1 


1 


1 


1 


-1 


-1 


1 


-1 


— 1 


_i 


X.55 
















—3 


1 


1 


1 


1 


1 


1 


1 


-3 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.56 
















_3 


5 


5 


1 


-3 


1 


1 


1 


1 


— 1 


1 


_3 


1 


1 


— 1 


— 1 


1 


— 1 


_i 


_i 


X.57 
















3 


_3 


_3 


_ 1 


X 


3 


3 


_ 1 


-1 


1 


-1 


X 


1 


-1 


-1 


-1 


1 


1 


_ 1 


1 


X.58 




-i 








i 




—4 


—4 


4 












4 
























X.59 




i 








— i 




4 


4 


— 4 












4 
























X 60 




l 








— i 




4 


—4 


4 












-4 
























X.61 




-l 








l 




-4 


4 


-4 












-4 
























X.62 


i 




-i 


i 


i 




-i 




















2 










2 


-2 




-2 






X.63 


l 




i 


-i 


-l 




i 




















-2 










2 


-2 




2 






X.64 


-2 


2 






























-2 










2 


-2 




2 






X.65 


-2 


-2 






























2 










2 


-2 




-2 






X.66 


















-6 


6 


2 


-2 


2 




-2 






-2 






2 














X.67 


















2 


-2 


-2 


-2 


2 




2 






-2 






2 














X.68 


















-6 


6 


-2 


-2 


2 




2 






2 






-2 














X.69 
















-6 


-2 


-2 


-2 


2 


2 


2 


-2 


2 






2 


















X.70 


















2 


-2 


2 


-2 


2 




-2 






2 






-2 














X.71 


















2 


-2 


-2 


2 


2 




2 


4 








-2 








2 








X.72 


















2 


-2 


2 


2 


2 




-2 


4 








2 








-2 








X.73 
















6 


-2 


-2 


2 


2 


2 


-2 


2 


-2 






2 


















X.74 


















2 


-2 


-2 


2 


2 




2 


-4 








2 








-2 








X.75 


















2 


-2 


2 


2 


2 




-2 


-4 








-2 








2 








X.76 


-i 




i 


-i 


i 




-i 










































X.77 


-l 




-i 


l 


-l 




i 










































X.78 












-2 
































-2 


-2 






2 


2 


X.79 




-2 
































-2 




2 


-2 






2 








X.80 




-1 








i 




8 








































X.81 












-2 
































2 


2 






-2 


-2 


X.82 




2 
































2 




2 


2 














X.83 




2 
































-2 




-2 


-2 






-2 








X.84 












2 






















-2 










2 


2 




-2 


-2 


2 
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Character table of D(Co2) (continued) 





6 


6 


6 


6 


6 


2 


2 


2 


5 


5 


5 


4 


4 


4 


4 


4 


4 


3 


5 


5 3 




















1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




1 


5 












1 


i 


1 




























8u 


8v 


8w 


8x 


8y 10a 


106 10c 12a 


126 12c 


12d 12e 12/ 12 9 12ra 12i 12j 16a 166 24a 


2P 


432 4 32 4 3i 4 3i 4 2 4 


5a 


5a 


5a 


6 a 


69 


69 


6h 


6/i 


66 


69 


69 


66 


Ok 


86 


8c 12a 


3P 


8a 


8v 


8 (c 


8x 


8y 10a 106 10c 


4l 


4.1 


4 5 


427 4 28 4 29 


4 7 


42 4 30 4 44 16a 166 8a 


5P 


8u 


8v 


8iv 


8x 


8i/ 


2b 


2 c 


2a 12a 126 12c 12d 12e 12/ 12a 12h 12i 12j 16a 166 24a 


X.l 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 1 


X.2 


-1 


1 


1 


-1 


1 


1 


1 


1 


1 


— 1 


— 1 


— 1 


-1 


-1 


—1 


1 


— 1 


— 1 


1 


— 1 -1 


X.3 


1 


-1 


-1 


1 


1 








2 






-1 


-1 


-1 




2 


-1 




-1 


1 


X.4 


-1 


-1 


-1 


-1 


1 








-1 


i 


1 








i 


-1 




i 


-1 


— 1 1 


X.5 


1 


-1 


-1 


1 


1 








-1 


-1 


-1 








-1 


-1 




-1 


-1 


1 -1 


X.6 


— 1 


-1 


— 1 


-1 


1 








2 






i 


i 


i 




2 


i 




-1 


-1 


X.7 


2 






-2 




-i 


-i 


i 








1 


-1 


-1 






1 








X.8 


-2 






2 




-l 


-l 


l 








-1 


1 


1 






-1 








X.9 


1 


i 


i 


1 


i 


-l 


-l 


-l 






















i 


i 


x. lb 


-1 


l 


l 


-1 


l 


-i 


-l 


-l 






















1 


-1 


X.ll 










-2 








i 


i 


i 


-i 


-i 


-i 


i 


i 


-i 


i 




1 


X.12 




2 


-2 












1 


-1 


-1 


-1 


1 


1 


1 


-1 


-1 


1 




. -1 


X.13 










-2 








1 


— 1 


— 1 


1 


1 


1 


— 1 


1 


1 


-1 




. -1 


X. 14 




-2 


2 












1 


-1 


-1 


1 


-1 


-1 


1 


-1 


1 


1 




. -1 


X.15 




-2 


2 












1 


1 


1 


-1 


1 


1 


-1 


-1 


-1 


-1 




1 


X. 16 




2 


-2 












1 


1 


1 


1 


-1 


-1 


-1 


-1 


1 


-1 




1 


X.17 


— i 


— 1 


— 1 


-1 


-i 








-1 


1 


1 








1 


-1 




-1 


-i 


-1 -1 


X. 18 


-l 


1 


1 


-1 


-i 








-1 


— 1 


— 1 








-1 


-1 




1 


1 


— 1 1 


X.19 


l 


1 


1 


1 


-l 








-1 


1 


1 








1 


-1 




—1 


1 


1-1 


X.20 


l 


-1 


-1 


1 


-l 








-1 


-1 


-1 








-1 


-1 




1 


-1 


1 1 


X.21 


-l 


1 


1 


-1 


-l 














i 


i 


i 






i 




-1 


1 


X.22 


l 


-1 


-1 


1 


-i 














1 


1 


1 






1 




1 


-1 


X.23 


l 


1 


1 


1 


-i 














-1 


-1 


-1 






-1 




-1 


-1 


X.24 


-l 


-1 


-1 


-1 


-i 














-1 


-1 


-1 






-1 




1 


1 


X.25 












i 


-i 


-i 




-2 


2 


-1 


-1 


1 






1 








X.26 












l 


-l 


-i 




2 


-2 


1 


1 


-1 






-1 








X.27 












l 


l 


l 


-2 














-2 










X.28 


















2 














-2 










X.29 












i 


i 


-i 








-i 


i 


i 






-i 








X.30 












l 


l 


-l 








1 


-1 


-1 






1 








X.31 


2 






-2 
















-1 


1 


1 






-1 








X.32 










-2 








1 


i 


i 








i 


i 




-i 




'. -i 


X.33 










-2 








1 


-1 


-1 








-1 


1 




1 




1 


X.34 


— 2 






2 
















i 


-i 


-i 






i 








X.35 










-2 














1 


1 


1 






1 








X.36 










-2 














-1 


-1 


-1 






-1 








X.37 












— l 


—l 




























X.38 


















-2 






i 


-1 


-i 




2 


i 








X.39 


















1 


-i 


-i 








i 


-1 




i 




'. -i 


X.40 


















1 


1 


1 








-1 


-1 




-1 




1 


X.41 


















-2 






_ [ 




i 




2 


_ i 








X.42 


-1 


-1 


-i 


-1 


i 




























i 


i 


X.43 


1 


1 


l 


1 


1 




























-1 


-1 


X.44 


1 


1 


l 


1 


1 




























-1 


-1 


X.45 


1 


1 


l 


1 


1 




























1 


1 


X.46 


1 


1 


l 


1 


1 




























-1 


-1 


X.47 


-1 


1 


l 


-1 


1 




























-1 


1 


X.48 


1 


-1 


-l 


1 


1 




























1 


-1 


X.49 


-1 


1 


l 


-1 


1 




























-1 


1 


X.50 


-1 


1 


l 


-1 


1 




























-1 


1 


X.51 


-1 


1 


l 


-1 


1 




























1 


-1 


X.52 


1 


-1 


-l 


1 


1 




























-1 


1 


X.53 


1 


-1 


-l 


1 


1 




























1 


-1 


X.54 


-1 


-1 


-l 


-1 


1 




























1 


1 


X., r >5 


-1 


-1 


-l 


-1 


1 




























-1 


-1 


X.56 


— 1 


— 1 


—l 


— 1 


1 




























1 


1 


x.r>7 


1 


-1 


-l 


1 


1 




























1 


-1 


X.58 


















-i 


i 


i 








-i 


i 




i 




. -1 


X.59 


















-1 


-1 


-1 








1 


1 




-1 




1 


X.60 


















-1 


-1 


-1 








1 


1 




-1 




1 


X.61 


















-1 


1 


1 








-1 


1 




1 




. -1 


X.62 
























-i 


-1 


i 






1 








X.63 
























1 


1 


-1 






-1 








X.64 




















2 


-2 




















X.65 




















-2 


2 




















X.66 


2 






-2 


































X.67 


2 






-2 


































X.68 


-2 






2 


































X.69 










-2 
































X.70 


-2 






2 


































X.71 




-2 


2 




































X.72 




2 


-2 




































X.73 










































X.74 




2 


-2 




































X.75 




-2 


2 




































X.76 












-i 


i 


-i 








1 


-1 


i 






-1 








X.77 












-l 


l 


-l 








-1 


1 


-1 






1 








X.78 


















2 


2 


2 




















X.79 


















-2 












2 












X.80 


















1 


i 


i 








-1 












X.81 


















2 


2 


2 




















X.82 


















-2 












-2 












X.83 


















-2 












-2 












X.84 


















2 


-2 


-2 
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Character table of D(Co2) (continued) 



2 


18 


18 


14 


14 


17 


16 


16 


14 


14 


14 


14 


14 


15 


13 


13 


13 


13 


14 


13 


11 


12 


3 


2 


2 


2 


2 


1 


1 


1 


1 


1 


1 


1 


1 




1 


1 


1 


1 






1 




5 


1 


1 


1 


1 






































la 


2a 


2b 


2c 


2d 


2e 


2} 


2<? 


2h 


2% 


2j 


2k 


21 


2m 


2n 


2o 


2p 


2q 


2r 


2s 


2t 


2P 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


3P 


la 


2a 


26 


2c 


2d 


2e 


2/ 


29 


2h 


2i 


2j 


2 k 


21 


2m 


2n 


2o 


2p 


2q 


2r 


2s 


2t 


5P 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


29 


2h 


2i 


2j 


2k 


21 


2m 


2n 


2o 


2p 


2q 


2r 


2s 


2t 


X.85 


120 


120 






— 8 


24 


24 




— 8 




24 


24 


— 8 










— 8 


— 8 


8 




X.86 


120 


120 


— 120 


— 120 


120 


24 


24 


— 24 


— 8 


— 24 


—8 


— 8 


24 










24 


— 8 


8 




X.87 


120 


120 






— 8 


24 


24 




8 




—32 


-32 


—8 


— 12 


— 12 


— 12 


-12 


8 






12 


X.88 


144 


— 144 


— 36 


36 




72 


— 72 


36 




— 36 


24 


— 24 




— 12 


12 


12 


— 12 








4 


X.89 


144 


— 144 


— 36 


36 




72 


— 72 


36 




— 36 


— 24 


24 




12 


— 12 


— 12 


12 








4 


X A)() 


160 


— 160 


—40 


40 




80 


—80 


40 




— 40 


— 16 


16 




—8 


g 




— 8 








— 8 


X.91 


160 


— 160 


40 


—40 




16 


— 16 


— 8 




8 


32 


— 32 




16 


— 16 


16 


— 16 








8 


X.92 


160 


— 160 


40 


— 40 




16 


— 16 


— 8 




8 


32 


— 32 




— 16 


16 


— 16 


16 








8 


X.93 


160 


— 160 


— 40 


40 




80 


—80 


40 




—40 


16 


— 16 




8 


— 8 


—8 


8 








— 8 


X.94 


160 


— 160 


40 


— 40 




16 


— 16 


—8 




8 


—32 


32 




16 


— 16 


16 


— 16 








8 


X.95 


16(3 


— 160 


40 


—40 




16 


— 16 


— 8 




s 


— 32 


32 




— 16 


16 


— 16 


16 








8 


X.96 


180 


180 


180 


180 


180 


— 12 


— 12 


— 12 


— 12 


— 12 


12 


12 


— 12 


12 


12 


12 


12 


— 12 


12 


12 


4 


X.97 


180 


180 


180 


180 


180 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


12 


12 


12 


12 


— 12 


— 12 


— 12 


— 4 


X.98 


18(1 


180 


180 


180 


180 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


4 


X.99 


180 


180 


180 


180 


180 


— 12 


— 12 


— 12 


— 12 


— 12 


12 


12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


12 


12 


— 4 


X. 100 


18(1 


180 


— 180 


— 180 


180 


36 


36 


— 36 


— 12 


— 36 






36 










— 28 






— 4 


X.101 


180 


180 


— 180 


— 180 


180 


— 60 


—60 


60 


— 12 


60 






—60 










4 






—4 


X.102 


24(1 


240 






— 16 


48 


48 




16 




— 16 


— 16 


— 16 


— 24 


— 24 


— 24 


— 24 


16 


— 16 




8 


X.103 


24(1 


240 






— 16 


48 


48 




16 




16 


16 


— 16 


24 


24 


24 


24 


16 


16 




8 


X. 104 


24(1 


240 






— 16 


48 


48 




— 16 








— 16 










— 16 




— 16 




X. 105 


24(1 


— 240 


— 60 


60 




— 8 


8 


— 4 




4 


— 24 


24 




28 


— 28 


— 28 


28 








12 


X.106 


24(1 


— 240 


— 60 


60 




— 8 


8 


— 4 




4 


24 


— 24 




20 


— 20 


— 20 


20 








— 4 


X. 107 


24(1 


— 240 


— 60 


60 




— 8 


8 


— 4 




4 


24 


— 24 




— 28 


28 


28 


— 28 








12 


X.108 


24(1 


— 240 


— 60 


60 




— 8 


8 


— 4 




4 


— 24 


24 




— 20 


20 


20 


— 20 








—4 


X.109 


24(1 


240 






— 16 


48 


48 




— 16 








— 16 










— 16 




16 




X.110 


256 


— 256 


— 64 


64 




128 


— 128 


64 




— 64 
























X. Ill 


32(1 


— 320 


80 


— 80 




32 


—32 


— 16 




16 






















— 16 


X. 112 


360 


360 






— 24 


— 24 


— 24 




24 




— 24 


— 24 


8 


36 


36 


— 12 


— 12 


— 8 


8 




— 4 


X. 113 


36(1 


360 






— 24 


72 


72 




— 24 




— 24 


— 24 


— 24 










— 24 


8 


24 




X. 114 


360 


360 






— 24 


— 24 


— 24 




24 




— 24 


— 24 


8 


— 12 


— 12 


36 


36 


— 8 


8 




—4 


X. 115 


360 


360 






— 24 


72 


72 




— 24 




24 


24 


— 24 










— 24 


— 8 


— 24 




X. 116 


36(1 


360 






— 24 


72 


72 




24 




48 


48 


— 24 


— 12 


— 12 


— 12 


— 12 


24 


16 




4 


X.117 


36(1 


360 






— 24 


— 24 


— 24 




24 




24 


24 


g 


—36 


— 36 


12 


12 


— 8 


— 8 




— 4 


X.11S 


3 (ill 


360 






— 24 


72 


72 




— 24 




24 


24 


— 24 










— 24 


—8 


24 




X.119 


3 (id 


360 






— 24 


— 24 


— 24 




24 




24 


24 


s 


12 


12 


—36 


— 36 


— 8 


— 8 




— 4 


X. 120 


3 (ill 


360 






— 24 


72 


72 




— 24 




— 24 


— 24 


— 24 










— 24 


8 


— 24 




X. 121 


360 


360 






— 24 


— 24 


— 24 




24 




— 24 


— 24 


g 


12 


12 


—36 


— 36 


— 8 


8 




12 


X.122 


360 


360 






— 24 


— 24 


— 24 




24 




— 24 


— 24 


8 


—36 


— 36 


12 


12 


— 8 


8 




12 


X. 123 


360 


360 






— 24 


— 24 


— 24 




24 




24 


24 


8 


— 12 


— 12 


36 


36 


— 8 


— 8 




12 


X.124 


360 


360 






— 24 


— 24 


— 24 




24 




24 


24 


8 


36 


36 


— 12 


— 12 


— 8 


— 8 




12 


X.125 


360 


360 






-24 


72 


72 




24 








-24 


-12 


-12 


-12 


-12 


24 


32 




-12 


X.126 


360 


360 






-24 


72 


72 




24 








-24 


12 


12 


12 


12 


24 


-32 




-12 


X.127 


360 


360 






-24 


72 


72 




24 




-48 


-48 


-24 


12 


12 


12 


12 


24 


-16 




4 


X.128 


384 


-384 


96 


-96 




-64 


64 


32 




-32 








-32 


32 


-32 


32 










X.129 


384 


-384 


96 


-96 




-64 


64 


32 




-32 








32 


-32 


32 


-32 










X.130 


480 


-480 


120 


-120 




-80 


8(1 


40 




-40 








-16 


16 


-16 


16 








8 


X.131 


48(1 


-480 


-120 


120 




-16 


16 


-8 




8 


-48 


48 




8 


-8 


-8 


8 








8 


X.132 


480 


-480 


-120 


120 




-16 


16 


-8 




8 


48 


-48 




-8 


8 


8 


-8 








8 


X.133 


48(1 


-480 


120 


-120 




-80 


80 


40 




-40 








16 


-16 


16 


-16 








8 


X.134 


576 


-576 


144 


-144 




-96 


96 


48 




-48 






















-16 


X.135 


640 


-640 


160 


-160 




64 


-64 


-32 




32 


64 


-64 




















X.136 


640 


-640 


160 


-160 




64 


-64 


-32 




32 








32 


-32 


32 


-32 










X.137 


640 


-640 


160 


-160 




64 


-64 


-32 




32 








-32 


32 


-32 


32 










X.138 


640 


-640 


160 


-160 




64 


-64 


-32 




32 


-64 


64 




















X.139 


720 


720 






-48 


-48 


-48 




-48 




48 


48 


16 










16 


-16 






X.140 


720 


720 






-48 


-48 


-48 




-48 




-48 


-48 


16 










16 


16 






X.141 


720 


720 






-48 


-48 


-48 




48 








16 


24 


24 


24 


24 


-16 






-8 


X.142 


720 


720 






-48 


-48 


-48 




48 








16 


-24 


-24 


-24 


-24 


-16 






-8 


X.143 


720 


720 






-48 


-48 


-48 




-48 








16 










16 








X.144 


720 


-720 


-180 


180 




-24 


24 


-12 




12 


24 


-24 




36 


-36 


-36 


36 








4 


X.145 


720 


-720 


-180 


180 




-24 


24 


-12 




12 


24 


-24 




-12 


12 


12 


-12 








-12 


X.146 


720 


720 






-48 


-48 


-48 




-48 








16 










16 








X.147 


720 


-720 


-180 


18(1 




-24 


24 


-12 




12 


-24 


24 




12 


-12 


-12 


12 








-12 


X.14S 


720 


-720 


-180 


180 




-24 


24 


-12 




12 


-24 


24 




-36 


36 


36 


-36 








4 
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Character table of D(Co2) (continued) 



2 


12 


12 


1 1 


11 


7 


5 


14 


13 


14 


12 


12 


13 


11 


12 


12 


12 


12 


12 


12 


12 


12 


12 


3 




' 


' 


' 






' 


' 


' 


' 


' 


' 


' 


' 


' 


' 


' 


' 


' 


' 


' 


' 




2u 


2v 


2w 


2x 


3a 






42 


43 


4 4 


45 


4 6 


4 7 


4s 


4o 


4l0 


4n 


4l2 


4l3 


4 14 


4l5 


4ie 


2P 


la 


la 


la 


la 


3a 


36 


2a 


2d 


2a 


2d 


2d 


2d 


2d 


2e 


2/ 


2d 


2e 


2d 


2d 


2a 


2d 


2d 


3P 


2u 


2v 


2w 


2x 


la 


la 


4i 


4 2 


4 3 


4 4 


4 5 


4 6 


4 7 


4 8 


4 9 


4io 


4n 


4l2 


4i3 


4 i4 


4i 5 


4i 6 


5P 


2u 


2v 


2w 


2x 


3a 


:ib 


4i 


4 2 


4 3 


4 4 


4 5 


4 6 


4 7 


4 S 


4g 


4io 


4n 


4l2 


4l3 


4l4 


4i 5 


4ie 


X.85 


— 8 




8 


8 


6 




8 




8 


— 8 


— 8 






4 


— 4 


— 8 


4 


— 8 




8 


— 8 




X.86 


— 8 








—3 




— 8 


8 


24 


8 


8 


— 24 


— 8 














—8 






X.87 


— 8 


12 


— 4 


4 


6 




— 8 




— 8 








8 


8 




4 


8 


— 4 


4 


8 


—4 


4 


X.88 




— 4 
















12 


— 12 






4 


4 


4 


_4 


— 12 






12 




X.89 




— 4 
















— 12 


12 






4 


4 


4 


_4 


12 






— 12 




X.90 




8 






4 


i 








— 8 


8 






—8 


— 8 


—8 


8 


— 8 






8 




X.91 




— 8 






4 


i 








— 16 


16 






8 


— 8 


—8 


— 8 












X.92 




— 8 






4 


i 








— 16 


16 






8 


— 8 


— 8 


— 8 












X.93 




8 






4 


i 








8 


— 8 






— 8 


— 8 


—8 


8 


8 






—8 




X.94 




— 8 






4 


i 








16 


— 16 






8 


— 8 


— 8 


— 8 












X.95 




— 8 






4 


i 








16 


— 16 






8 


— 8 


— 8 


— 8 












X.96 


— 4 


4 


— 4 


4 






— 12 


— 12 


— 12 


12 


12 


— 12 


12 


— 4 


—4 


4 


— 4 


—4 


12 


— 4 


— 4 


12 


X.97 


4 


— 4 


— 4 


— 4 






— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


4 


4 


— 4 


4 


— 4 


12 


4 


— 4 


12 


X.98 


4 


4 


4 


4 






— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 12 


— 4 


—4 


4 


— 4 


4 


— 12 


4 


4 


— 12 


X.99 


— 4 


— 4 


4 


— 4 






— 12 


— 12 


— 12 


12 


12 


— 12 


12 


4 


4 


— 4 


4 


4 


— 12 


— 4 


4 


— 12 


X.100 




— 4 




4 






— 12 


12 


— 28 






28 




— 4 


4 


4 


— 4 












X. 101 




— 4 




4 






— 12 


12 


4 






— 4 




4 


—4 


4 


4 












X.102 




8 


—8 


8 


—6 




— 16 




— 16 








16 






8 




— 8 


8 




— 8 


8 


X.103 




8 


8 


8 


—6 




— 16 




— 16 








— 16 






8 




8 


— 8 




8 


— 8 


X.104 






— 16 




—6 




16 




16 


16 


16 






8 


8 




8 


16 






16 




X.105 




— 12 








3 








— 12 


12 






— 4 


—4 


12 


4 


— 4 






4 




X.106 




4 








3 








12 


— 12 






12 


12 


— 4 


— 12 


— 12 






12 




X.107 




— 12 








3 








12 


— 12 






— 4 


—4 


12 


4 


4 






— 4 




X.108 




4 








3 








— 12 


12 






12 


12 


— 4 


— 12 


12 






— 12 




X.109 






16 




—6 




16 




16 


— 16 


— 16 






8 


8 




8 


— 16 






— 16 




X.110 










—8 


_2 


































X.lll 




16 






8 


2 
















— 16 


16 


16 


16 












X.112 




— 4 


—4 


— 4 






— 24 




8 










8 




— 4 


8 


_4 


4 


16 


— 4 


— 12 


X.113 


8 




—8 


—8 






24 




24 


— 24 


— 24 






— 4 


4 


8 


_4 


8 




— 8 


8 




X.114 




— 4 


_4 


—4 






— 24 




8 










8 




— 4 


8 


— 4 


— 12 


16 


_4 


4 


X.115 


— 8 




8 


—8 






24 




24 


24 


24 






— 4 


4 


8 


—4 


— 8 




8 


— 8 




X.116 


8 


4 


— 4 


— 4 






— 24 




— 24 








— 24 


8 




— 4 


8 


— 4 


4 


— 8 


— 4 


4 


X.117 




— 4 


4 


— 4 






— 24 




8 










8 




— 4 


8 


4 


— 4 


— 16 


4 


12 


X.118 


— 8 




— 8 


8 






24 




24 


— 24 


— 24 






— 4 


— 12 


— 8 


—4 


8 




8 


8 




X.119 




— 4 


4 


—4 






— 24 




8 










8 




— 4 


8 


4 


12 


— 16 


4 


— 4 


X.120 


8 




8 


8 






24 




24 


24 


24 






— 4 


— 12 


— 8 


_4 


— 8 




— 8 


—8 




X.121 


— 16 


12 


4 


—4 






— 24 




8 










— 8 




— 4 


— 8 


4 


12 




4 


— 4 


X.122 


— 16 


12 


4 


—4 






— 24 




8 










— 8 




— 4 


— 8 


4 


— 4 




4 


12 


X.123 


16 


12 


— 4 


— 4 






— 24 




8 










— 8 




— 4 


— 8 


— 4 


-12 




— 4 


4 


X.124 


16 


12 


— 4 


— 4 






— 24 




8 










— 8 




—4 


— 8 


— 4 


4 




— 4 


— 12 


X.125 


-8 


-12 


-4 


-4 






-24 




-24 








-24 


-8 




-4 


-8 


-4 


4 


8 


-4 


4 


X.126 


8 


-12 


4 


-4 






-24 




-24 








24 


-8 




-4 


-8 


4 


_4 


-8 


4 


-4 


X.127 


-8 


4 


4 


-4 






-24 




-24 








24 


8 




-4 


8 


4 


-4 


8 


4 


-4 


X.128 












3 


































X.129 












3 


































X.130 




-8 








-3 
















-8 


8 


-8 


8 












X.131 




-8 








-3 








-24 


24 






8 


8 


8 


-8 


8 






-8 




X.132 




-8 








-3 








24 


-24 






8 


8 


8 


-8 


-8 






8 




X.133 




-8 








-3 
















-8 


8 


-8 


8 












X.134 




16 
























16 


-16 


16 


-16 












X.135 










4 


-2 








-32 


32 
























X.136 










-8 


1 


































X.137 










-8 


1 


































X.138 










4 


-2 








32 


-32 
























X.139 


-16 












48 




-16 










8 


-8 




8 






16 






X.140 


16 












48 




-16 










8 


-8 




8 






-16 






X.141 


-16 


-8 


-8 


8 






-48 




16 














8 




-8 


-8 


-16 


-8 


-8 


X.142 


16 


-8 


8 


8 






-48 




16 














8 




8 


8 


16 


8 


8 


X.143 








16 






48 




-16 










-8 


24 


-16 


-8 












X.144 




-4 
















12 


-12 






-12 


-12 


4 


12 


4 






-4 




X.145 




12 
















12 


-12 






4 


4 


-12 


_4 


20 






-20 




X.146 








-16 






48 




-16 










-8 


-8 


16 


-8 












X.147 




12 
















-12 


12 






4 


4 


-12 


-4 


-20 






20 




X.148 




-4 
















-12 


12 






-12 


-12 


4 


12 


-4 






4 





SIMULTANEOUS CONSTRUCTIONS OF THE SPORADIC GROUPS Co 2 AND Fi 22 67 



Character table of D(Co2) (continued) 



2 


12 


12 


11 


11 


11 


11 


11 


11 


11 


11 9 


9 


9 


9 10 


10 10 


10 


10 


10 


10 


10 


10 


10 10 


3 
5 




















1 


1 


1 


1 




















— i — - 

4 17 


— ; — - 

4 1H 


■~i — - 

4 1!> 


— 3 — - 

4 2l> 


4 2 1 


4 22 


4 23 


4 2 -l 


4 2r, 


4 2 6 4 2 7 


4 2S 


4 2'> 


4 30 4 3i 


4 3 2 4 33 


4.3-1 


4 3 5 


4 ;«i 


4 37 


4 ;, S 


4 39 


4 40 4 4 i 


2P 


2/ 


2d 


2e 


2d 


2e 


2/ 


2e 


2d 


2d 


2d 2o 


2f) 


29 


2q 2h 


2h 2e 


2h 


2 c 


2c: 


2d 


2,1 


2d 


2f 2d 


3P 


4l7 


4l8 


4l9 


4 2 


4 2 i 4 22 


4 2 3 4 24 4 25 


4 2 6 4 2 7 4 2 g 4 2 g 430 4 3i 43 2 433 434 435 43« 437 438 439 440 441 


5P 


4 17 


4is 


4l9 


4 20 


4 2 1 


4 22 


4 23 


4 -H 


4 2r, 


4 2 6 4 2 7 




h» 


4 30 4 3 i 


4 3 2 4 33 


4 3 1 


4 :ir. 


4 ;-,(, 


4 37 


4 ; !S 


4 ;t!) 


4 40 4 4i 


X.85 


— 4 


— 8 


12 




4 


4 


4 














. -4 




-4 


-4 








4 


X.86 
















8 


-8 


-8 ! 






















. 8 


X.87 




4 




—4 


-4 


-8 


-4 














! -4 








-4 


-4 


4 


4 


X.88 


— 4 


—4 






-12 




12 






'. 6 


6 


-6 


-6 '. 


















X.89 


— 4 


—4 






12 




-12 






. -6 


-6 


6 


6 


















X.90 


8 


8 






8 




-8 






. 4 


4 


-4 


-4 


















X.91 


8 


8 
















. -4 


4 


-4 


4 


















X.92 


g 


g 
















. 4 


-4 


4 


-4 


















X.!);-! 


8 


8 






-8 




8 






. -4 


-4 


4 


4 


















X.94 


8 


8 
















. -4 


4 


-4 


4 


















X.95 


8 


8 
















. 4 


-4 


4 


-4 


















X.96 


— 4 


4 


— 4 


4 


-4 


-4 


-4 


4 


4 


-4 






. -4 


-4 -4 


-4 


-4 


-4 


4 


4 


-4 


-4 -4 


X.97 


4 


— 4 


4 


—4 


4 


4 


4 


4 


4 


4 






. 4 


4 4 


-4 


4 


4 


-4 


-4 


-4 


4 4 


X.98 


— 4 


4 


— 4 


4 


4 


-4 


4 


4 


4 


4 






. -4 


-4 4 


4 


-4 


-4 


4 


4 


4 


4 4 


X.99 


4 


—4 


4 


—4 


-4 


4 


-4 


4 


4 


-4 






. 4 


4 -4 


4 


4 


4 


-4 


-4 


4 


-4 -4 


X.100 


4 


4 


4 


— 4 




-4 




-4 


4 








. -4 


-4 




-4 


4 


4 


-4 






X. 101 


— 4 


4 


_4 


_4 




4 




-4 


4 








. -4 


-4 




4 


-4 


4 


-4 






X. 102 




8 




8 




























-8 


-8 


8 




X. 103 




8 




8 




























-8 


-8 


-8 




X. 104 


8 




8 






8 




















-8 


-8 










X.105 


4 


— 12 






-4 




4 






! 2 


2 


-2 


-2 ! 


















X. 106 


— 12 


4 






4 




-4 






. -2 


-2 


2 


2 


















X.107 


4 


— 12 






4 




-4 






. -2 


-2 


2 


2 


















X. 108 


— 12 


4 






-4 




4 






2 


2 


-2 


-2 


















X. 109 


8 




g 






8 




















-8 


-8 










X.110 












































X.lll 


— 16 


— 16 








































X.112 




—4 




12 


4 


-8 


4 






-8 ! 






! -8 


8 4 








4 


-4 


4 


-4 '. 


X.113 


4 


8 


— 12 




-4 


-4 


-4 














. 4 




4 


4 








-4 


X.114 




—4 




12 


4 


-8 


4 






-8 '. 






! 8 


-8 4 








4 


-4 


4 


-4 


X.115 


4 


8 


— 12 




4 


-4 


4 














. -4 




4 


4 








4 


X.116 




—4 




— 12 


4 


-8 


4 














. 4 








4 


4 


4 


-4 


X.117 




— 4 




12 


-4 


-8 


-4 






8 ! 






! -8 


8 -4 








4 


-4 


-4 


4 


X.118 


— 12 


— 8 


4 




4 


-4 


4 














. -4 




4 


4 








4 


X. 119 




—4 




12 


— 4 


—8 


— 4 






8 






8 


— 8 —4 








4 


— 4 


—4 


4 


X. 120 


— 12 


— 8 


4 




-4 


-4 


-4 














. 4 




4 


4 








-4 


X.121 




—4 




—4 


4 


8 


4 






8 ! 






'. 8 


-8 4 








4 


-4 


-4 


-4 


X.122 




—4 




—4 


4 


8 


4 






8 






. -8 


8 4 








4 


-4 


-4 


-4 


X.123 




—4 




—4 


-4 


8 


-4 






-8 






. 8 


-8 -4 








4 


-4 


4 


4 


X. 124 




—4 




— 4 


-4 


8 


-4 






-8 






. -8 


8 -4 








4 


-4 


4 


4 


X.125 




-4 




4 


-4 


8 


-4 














. -4 








4 


4 


4 


4 


X.126 




-4 




4 


4 


8 


4 














. 4 








4 


4 


-4 


-4 


X.127 




-4 




-12 


-4 


-8 


-4 














. -4 








4 


4 


-4 


4 


X.128 




















! -8 


8 


-8 


8 '. 


















X.129 




















. 8 


-8 


8 


-8 


















X.130 


-8 


8 
















. -4 


4 


-4 


4 


















X.131 


-8 


-8 






-8 




8 






. 4 


4 


-4 


-4 


















X.132 


-8 


-8 






8 




-8 






. -4 


-4 


4 


4 


















X.133 


-8 


8 
















. 4 


-4 


4 


-4 


















X.134 


16 


-16 








































X.135 












































X.136 




















! -8 


8 


-8 


8 ! 


















X.137 




















. 8 


-8 


8 


-8 


















X.138 












































X.139 


-8 




-8 




-8 


8 


-8 














8 




-8 


8 








-8 ! 


X.140 


-8 




-8 




8 


8 


8 














. -8 




-8 


8 








8 


X.141 




8 




-8 












16 '. 
















-8 


8 


8 




X.142 




8 




-8 












-16 
















-8 


8 


-8 




X.143 


24 


-16 


-8 






-8 




















8 


-8 










X.144 


12 


-4 






4 




-4 






'. 6 


6 


-6 


-6 ! 


















X.145 


-4 


12 






4 




-4 






. 6 


6 


-6 


-6 


















X.146 


-8 


16 


24 






-8 




















8 


-8 










X.147 


-4 


12 






-4 




4 






! -6 


-6 


6 


6 '. 


















X.148 


12 


-4 






-4 




4 






. -6 


-6 


6 


6 
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Character table of D(Co2) (continued) 



2 


10 10 8 9 9 


8 8 


8 


8 


8 


8 


8 


8 


8 


8 


8 8 8 8 


2 




5 




5 


5 


5 


6 5 




1 
























2 


2 


2 


2 


2 


2 




5 
























;L 


















4 4 2 *43 4 44 4 45 4 46 


4 47 4 4S 


*49 


4r,o 


4r,i 


4;, 2 


4r,3 


4;, 4 


4;,r, 


4r,G 


4 57 4 5S 4 59 4 60 


5a 


— — 

Da 


DO 


— — 

DC 


— — 

ltd 


6e 6/ 


— — — — 

og oh. 


2P 


2e 2h 2h 2h 2h 


21 2t 


2t 


2t 


2<; 


2/ 


2t 


2>( 


2/ 


2t 


2t 2q 2(7 2h 


■5 a 


3 a 


36 


36 


36 


3 a 


3 a 


3a 3fe 


3P 


4 4 2 4 4 3 * 44 4 45 4 46 4 47 4 48 4 49 4 50 4 51 4 52 4 53 4 54 4 55 4 56 4 57 4 58 4 59 4 60 


5a 


2a 


2 c 


26 


2a 


26 


2c 


2d 2g 


5P 


4 4 2 4 43 4 44 4 45 446 4 47 4 4S 4 19 4 r ,o 4 r ,i 4,-, 2 4 r>3 4,-, j 4,-,,-, 4 r>c 4 57 4 5s 4 59 4 60 


la 


fia 


6b 


6c 


(id 


6e 6/ 


6g 6h 


X.85 


-4 
























6 












— 2 


X.86 


8 
























— 3 








3 


3 


— 3 


X.87 


4 


2 


—2 


— 2 




—2 


— 2 




2 


2 


2 




6 












— 2 


X.88 




2 


-2 


2 


2 


2 


—2 


—2 


2 


—2 


— 2 


— I 
















X.89 




2 


2 


— 2 


2 


—2 


2 


—2 


2 


—2 


— 2 


— 1 
















X.90 










-4 






4 










—4 


X 


_ i 


_ 1 


2 


—2 


1 


X.91 




. —4 














4 


4 


— 4 . . . . 




—4 


_ 1 


1 


— i 


—2 


2 


1 


X.92 




4 














-4 


-4 


4 




—4 


— 1 


1 


— 1 


-2 


2 


1 


X.93 










—4 






4 










—4 


1 


-1 


— 1 


2 


— 2 


1 


X.94 




'. 4 














-4 


-4 


4 ! ! ! 




—4 


— 1 


1 


— 1 


-2 


2 


1 


X.95 




. —4 














4 


4 


— 4 




—4 


— 1 


1 


_ 1 


— 2 


2 


1 


X.96 


— 4 —4 . —4 —4 


4 




































X.97 


4—4 . 4—4 


—4 




































X.98 


4 4 .—4 4 


—4 




































X.99 


—4 4 .44 


4 




































X.100 


4 




















.4.4 


















X.101 


4 




















. -4 .4 


















X.102 


























—6 












2 


X.103 


























—6 












2 


X.104 


























—6 












2 


X.105 




2 


—2 


2 


—2 


2 


—2 


2 


2 


—2 


— 2 






3 


_3 


_3 






— 1 


X.106 




. —2 


— 2 


2 


—2 


2 


—2 


2 


—2 


2 


2 






3 


_3 


_3 






_1 


X.107 




2 


2 


— 2 


— 2 


-2 


2 


2 


2 


—2 


— 2 






3 


_3 


_3 






— 1 


X.108 




. —2 


2 


— 2 


—2 


—2 


2 


2 


—2 


2 


2 






3 


_3 


_3 






— 1 


X.109 


























—6 












2 


X.110 


























s 


_2 


2 


2 


—4 


4 


— 2 


X.lll 


























—8 


— 2 


2 


— 2 


—4 


4 


2 


X.112 


— 4 


. —2 


—2 


2 




—2 


2 




o 


—2 


2 


















X.113 


4 






































X.114 


-4 


! 2 


2 


-2 




2 


-2 




-2 


2 


— 2 . . . 


















X.115 


— 4 






































X.116 


-4 


! —2 


—2 


—2 




—2 


—2 




—2 


—2 


— 2 ! ! ! 


















X.117 


4 


. -2 


2 


-2 




2 


-2 




2 


-2 


2 


















X.118 


-4 






































X.119 


4 


! 2 


-2 


2 




-2 


2 




-2 


2 


-2 .' '. '. 


















X.120 


4 






































X.121 


-4 


! -2 


2 


-2 




2 


-2 




2 


-2 


2 '. '. '. 


















X.122 


-4 


. 2 


-2 


2 




-2 


2 




-2 


2 


-2 


















X.123 


4 


. -2 


-2 


2 




-2 


2 




2 


-2 


2 


















X 124 


4 


. 2 


2 


-2 




2 


-2 




-2 


2 


-2 


















X.125 


4 


. 2 


2 


2 




2 


2 




2 


2 


2 


















X.126 


-4 


. 2 


-2 


-2 




-2 


-2 




2 


2 


2 


















X.127 


4 


. -2 


2 


2 




2 


2 




-2 


-2 


-2 


















X.128 
























-i 




-3 


3 


-3 






! -i 


X.129 
























-i 




-3 


3 


-3 






. -l 


X.130 






-4 


-4 




4 


4 














3 


-3 


3 






. l 


X.131 










-4 






4 












-3 


3 


3 






l 


X.132 










-4 






4 












-3 


3 


3 






l 


X.133 






4 


4 




-4 


-4 














3 


-3 


3 






. l 


X.134 








































X.135 


























-4 


2 


-2 


2 


-2 


2 


. -2 


X.136 


























8 


-1 


1 


-1 


4 


-4 


1 


X.137 


























8 


-1 


1 


-1 


4 


-4 


1 


X.138 


























-4 


2 


-2 


2 


-2 


2 


. -2 


X.139 


8 ! ! ! ! 






































X.140 


-8 






































X.141 








































X.142 








































X.143 








































X.144 




'. -2 


2 


-2 


2 


-2 


2 


-2 


-2 


2 


2 \ '. '. '. 


















X.145 




. 2 


-2 


2 


2 


2 


-2 


-2 


2 


-2 


-2 


















X.146 








































X.147 




'. 2 


2 


-2 


2 


-2 


2 


-2 


2 


-2 


-2 ! ! ! 


















X.148 




. -2 


-2 


2 


2 


2 


-2 


-2 


-2 


2 


2 
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Character table of D(Co2) (continued) 



5 5 
1 1 



4 4 4 4 4 
11111 



6i 6} 6fe 0/ Km 6n Co 6j> 69 6r 6s 8a 86 8r 8,f «,• 8/ 898/1 8i 8j 8/,- 8/ 8m 8n 80 8p 



2P 1 
3P 
5P 



36 3a 3a 36 36 3a 36 36 36 3a 36 A\ 
2i 2j 2h 2/ 2e 2k 2m 2n 2o 2s 2p 8a 
j 6fc 61 Gm Gn 60 6p 6g 6r 6s 8a 



4 3 4 3 4 6 4 3 4i 4i 4 6 4 3 4 19 4 20 4 6 4 20 4 20 4 22 4 22 
86 8c 8d 8e 8/ 89 8h 8i 83 8k 81 8m 8n 80 8p 
86 8c 8d 8e 8/ 89 8ft 8i 83 8k 81 8m 8n 80 8p 



X.85 
X.80 
X.87 
X.88 
X.89 
X.90 
X.91 
X.92 
X.93 
X.94 
X.95 
X.96 
X.97 
X.98 
X.99 
X.100 
X.101 
X.102 
X.103 
X.104 
X.105 
X.106 
X.107 
X.108 
X.109 
X.110 
X.lll 
X.112 
X.113 
X.114 
X.115 
X.116 
X.117 



X. 
X. 
X. 
X. 
X. 
X. 
X. 



.118 
.119 
.120 
.121 

.122 
.123 
.124 
X.125 
X.126 
X.127 
X.128 
X.129 
X.130 
X.131 
X.132 
X.133 
X.134 
X.135 
X.136 
X.137 
X.138 
X.139 
X.140 
X.141 
X.142 
X.143 
X.144 
X.145 
X.146 
X.147 
X.148 



. -2 
1 1 

-2 2 



-1 2 
-1 2 
-1 2 
-1 -2 
-1 -2 
-1 -2 



1 

-1 
-1 
-1 
-1 

2 - 
-1 
-1 

2 



1 

-1 
-1 
1 

-1 
-1 



1 

-1 
1 

-1 
-1 
1 



1 

-1 
-1 
1 



4 4 
-4 -4 

4 4 
-4 -4 
-4 4 

4 -4 



-2 2 
-2 2 



-2 
2 

-2 
2 



-2 
2 
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Character table of D(Co2) (continued) 



2 


7 


7 


6 


66666622255 


5 4 


4 


4 4 


4 4 3 5 5 3 


3 








1 1 


1 1 


1 


1 1 


1 1 1 . . 1 


5 








111.. 












8q 


8r 


x s 


8t 8u 8v Sw 8x 8y 10a 10b 10c 12a 126 12c. 12d 12e 12/ 12a 12ft, 12i 12j 16a 166 24a 


2P 




4 8 


4 9 4 32 4 32 4 3 i 4 3 i 4 2 4 5a 5a 5a 6a 6a 


6g 6ft 


6ft 


6ft 6g 


69 6ft 6k 86 8c 12a 


3P 


8q 


8r 


8s 


8t 8u 8v 8w 8x 8y 10a 106 10c 4 X 4 4 


4 5 4 2 7 4 2 s 4 29 4 7 


42 4 30 4 44 16a 166 8a 


5P 


Sq 


8r 


8 s 


8t 8u 8v 8w 8x 8y 2b 2c 2a 12a 126 12c 12rf 12c.= 12/ 12g 12/? 12? 12j Kin 166 24a 


X.85 




2 


2 


— 2 2 —2 


— 2 








X.86 








1 _i 


_1 




x 


— 1 . —1 . . 1 


X.87 


— 2 






_2 






2 




X.88 




-2 




— 1 1 1 










X.89 




2 




—1 11.. 










X.90 








2 


2 1 


I 


_ x 


_ x 


X.91 








2 


— 2 — 1 


x 


_ x 


1 


X.92 








2 


— 2 1 


j 


x 


_ x 


X.93 








2 


— 2 — 1 




x 


x 


X.94 








_2 


2 —1 


x 


_ x 


1 


X.95 








_2 


2 1 


_ x 


x 


— 1 


X.96 


















X.97 


















X.98 


















X.99 


















X. 100 


















X. 101 


















X. 102 








2 






— 2 




X. 103 








2 






2 




X. 104 








_2 —2 


— 2 








X. 105 




2 






_ 1 


x 


x 


1 


X.106 




2 






I 


x 


_ x 


— 1 


X. 107 




-2 






I 


x 


_ x 


— 1 


X. 108 




-2 






— 1 


x 


x 


1 


X. 109 








— 2 2 


2 








X. 110 


















X. Ill 


















X. 112 


2 
















X.113 




2 


2 


_2 










X. 114 


— 2 
















X . 1 1 5 




-2 


2 


2 










X.116 


2 
















X. 117 


2 
















X. 118 




-2 














X. 119 


-2 
















X.120 




2 




-2 '. 










X. 121 


2 
















X.122 


-2 
















X.123 


2 
















X.124 


-2 
















X.125 


-2 
















X.126 


-2 
















X.127 


2 
















X.128 








i -i i '. '. 


'. i 


-i 


i '. 


'. -i '. 


X.129 








1-11 


. -1 


1 


-1 


l 


X.130 










. -1 


1 


-1 


l 


X.131 










1 


1 


-1 


. -l 


X.132 










. -1 


-1 


1 


l 


X.133 










1 


-1 


1 


. -l 


X.134 


















X.135 










2 '. 








X.136 










1 


-i 


i '. 


'. -i '. '. '. '. 


X.137 










. -1 


1 


-1 


i 


X.138 








!!!!!!!!!! 2 


-2 








X.139 


















X.140 


















X.141 


















X.142 


















X.143 


















X.144 




-2 














X.145 




2 














X.146 


















X.147 




-2 














X.148 




2 
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B.3. Character table of E3 = E(Co2) = (x,y,e) 



2 


18 


18 


17 


15 


14 


14 


14 


13 


12 


14 


7 


14 


13 


14 


12 


12 


13 


11 


12 


11 


11 


11 


3 


2 


2 


1 


2 


1 


1 


1 


1 






2 


1 


1 




1 


1 




1 










5 


1 


1 




1 










i 




























7 


1 




i 




1 


i 


































11 


1 














































la 


2a 


2b 


2c 


2d 


2e 


2/ 


2g 


2h 


2i 


3 a 


4a 


46 


4c 


4d 


4e 


4f 


4g 


4h 


4i 


4j 


4fc 


2P 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


3 a 


2a 


26 


2a 


26 


2b 


26 


26 


2a 


26 


2b 


26 


3P 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


'2g 


2h 


2i 


la 


4a 


46 


4c 


4d 


4e 


4/ 


49 


4h 


4i 


*j 


4k 


r>p 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


'2g 


2h 


2i 


3 a 


4a 


46 


4c 


4d 


4e 


4/ 


4« 


4h 


4 1 


*j 


4k 


IP 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


'2-9 


2h 


2i 


3 a 


4a 


46 


4c 


4d 


4e 


4/ 


49 


4h 


4i 


4j 


4k 


hp 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


'2-9 


2h 


2i 


3a 


4a 


46 


4c 


4d 


4e 


4/ 


4=9 


4h 


4i 


4j 


4k 


X. 1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


-, 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.2 


1 


1 


1 


1 


— 1 


— 1 


1 


— 1 


— 1 


-, 


1 


1 


1 


1 


— 1 


— 1 


1 


— 1 


— 1 


1 


1 


— 1 


X.3 


21 


21 


21 


21 


— 7 


— 7 




— 7 


1 




3 






5 


— 7 


— 7 




— 7 


1 


5 




1 


XA 


21 


21 


21 


21 


7 


7 


g 


7 


— 1 




3 


g 


g 


5 


7 


7 


5 


7 


— 1 


5 


g 


— 1 


X.5 


22 


— 10 


6 


— 2 


8 


— 8 


6 






— 2 


4 


6 


— 6 


— 2 


—4 


4 


2 






2 


— 2 




X.6 


22 


— 10 


6 


_2 


— 8 


8 


6 






— 2 


4 


6 


— 6 


— 2 


4 


— 4 


2 






2 


— 2 




X.7 


45 


45 


45 


45 


_3 


_3 


— 3 


— 3 


5 


— 3 




_3 


— 3 


— 3 


_3 


— 3 


— 3 


— 3 


5 


— 3 


— 3 


5 


X.B 


45 


45 


45 


45 


— 3 


_3 


— 3 


_3 


5 


_3 




_3 


— 3 


_3 


_3 


_3 


— 3 


_3 


5 


— 3 


_3 


5 


X.9 


45 


45 


45 


45 


3 


3 


— 3 


3 


_5 


— 3 




_3 


— 3 


— 3 


3 


3 


— 3 


3 


_5 


— 3 


— 3 


— 5 


X.10 


45 


45 


45 


45 


3 


3 


— 3 


3 


— 5 


— 3 




— 3 


— 3 


—3 


3 


3 


— 3 


3 




— 3 


— 3 




X.ll 


55 


55 


55 


55 


13 


13 


7 


13 




7 


i 


7 


7 


7 


13 


13 


7 


13 


g 


7 


7 


g 


X.12 


55 


55 


55 


55 


— 13 


— 13 


7 


— 13 


_ g 


7 


1 


7 


7 


7 


— 13 


— 13 


7 


— 13 


_g 


7 


7 


_g 


X.13 


99 


99 


99 


99 


15 


15 


3 


15 


— 1 


3 




3 


3 


3 


15 


15 


3 


15 


— 1 


3 


3 


— 1 


X.14 


99 


99 


99 


99 


— 15 


— 15 


3 


— 15 


1 


3 




3 


3 


3 


— 15 


— 15 


3 


— 15 


1 


3 


3 


1 


X.15 


154 


154 


154 


154 


14 


14 


10 


14 


6 


10 


1 


10 


10 


10 


14 


14 


10 


14 


6 


10 


10 


6 


X.16 


154 


154 


154 


154 


— 14 


— 14 


10 


— 14 


— 6 


10 


1 


10 


10 


10 


— 14 


— 14 


10 


— 14 


— 6 


10 


10 


— 6 


X.17 


210 


210 


210 


210 


— 14 


— 14 


2 


— 14 


10 


2 


3 


2 


2 


2 


— 14 


— 14 


2 


— 14 


10 


2 


2 


10 


X.18 


210 


210 


210 


210 


14 


14 


2 


14 


— 10 


2 


3 


2 


2 


2 


14 


14 


2 


14 


— 10 


2 


2 


— 10 


X.19 


231 


39 


7 


— 9 


— 21 


— 21 


7 


11 


11 


— 9 


Q 


23 


15 


7 




—5 


_1 






— 1 


— 1 


3 


X.20 


231 


39 


7 


— 9 


—35 


—35 


23 


—3 


— 11 


7 


6 


7 


15 


— 9 


— 3 


—3 


— 1 




g 


— 1 


— 1 


— 3 


X.21 


231 


231 


231 


231 


— 7 


— 7 


7 


— 7 


9 


7 


—3 


7 


7 


7 


— 7 


— 7 


7 


— 7 


9 


7 


7 


9 


X.22 


231 


39 


7 


— 9 


35 


35 


23 


3 


11 


7 


6 


7 


15 


— 9 


3 


3 


— 1 


— 5 


_5 


— 1 


_1 


3 


X.23 


231 


39 


7 


— 9 


21 


21 


7 


— 11 


— 11 


— 9 


6 


23 


15 


7 


5 


5 


— 1 


—3 


5 


-1 


— 1 


— 3 


X.24 


231 


231 


231 


231 


7 


7 


7 


7 


— 9 


7 
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Character table of E3 = E(Co2) (continued) 
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-2 


2 


-2 




2 




X.44 


-5 


3 


3 


-1 


-1 


3 


3 


7 


3 


-1 


— i 




—6 






2 




2 




-2 






3 


-1 


-1 


-1 


-1 


-i 


3 


-i 


X.45 


— 5 


— 1 


— 1 


3 


3 


3 


— 1 




-1 


3 


— 1 




—6 






2 


— 2 


— 2 


— 2 








3 


3 


3 


-1 


— 1 


3 


-1 


-1 


X.46 


5 


-1 


-1 


-3 


-3 


_3 


1 


g 


-1 


3 


x 




—6 






2 


2 


-2 


2 








_3 


3 


3 


1 


1 


-3 


-1 


1 


X.47 


5 


3 


3 


1 


1 


_3 


3 


_7 


3 


-1 


1 




—6 






2 




2 




2 






_3 


-1 


-1 


1 


1 


1 


3 


1 


A". 48 


-6 


-2 


-2 


-2 


-2 


—6 


_2 


_2 


-2 


-2 


2 
























—6 


-2 


-2 


2 


2 


-2 


2 


2 


A. 4!) 


6 


-2 


-2 


2 


2 


6 


— 2 


2 


_ 2 


_ 2 


— 2 


1 






















6 


_ 2 


2 


_ 2 


-2 


2 


-2 


-2 


X.50 
























_2 


— 4 


_2 


2 




2 




-2 




i 


1 


















X.51 
























— 2 


-4 


— 2 


2 




-2 




2 




1 


1 


















X.52 




-4 


-4 








4 




-4 


-4 






—6 


2 


-6 


2 




2 












4 


-4 








4 




X.53 




-4 


-4 








4 




-4 


4 






s 


4 


-4 


















-4 


4 








4 




X.54 




-4 


-4 








4 




4 


-4 




2 
























-4 


4 








-4 




X.55 












3 














9 


—5 


3 


i 


-i 


i 


-1 








—8 
















X.56 








8 


-8 
















-6 


4 




-2 


2 


-2 


-2 














-4 


4 








X.57 












-8 














9 


-5 


3 


1 


1 


1 


1 








8 
















X.58 








-8 


8 
















-6 


4 




-2 


-2 


-2 


2 














4 


-4 








X.59 


5 


i 


i 


-7 


-7 


-3 


1 


1 


i 


-3 


i 
























-3 


5 


5 


1 


1 


1 


i 


i 


X.60 


-5 


1 


1 


7 


7 


3 


1 


-1 


1 


-3 


-1 
























3 


5 


5 


-1 


-1 


-1 


1 


-1 


X.61 


— 5 






— 5 


— 5 


3 


5 


3 


-3 


1 


-1 
























3 


1 


1 


-1 


-1 


3 


-3 


-1 


X.62 


— 5 


1 


1 


-1 


-1 


3 


1 


-9 


1 


-3 


-1 
























3 


-3 


-3 


3 


3 


-1 


1 


-1 


X.63 




-3 


-3 




— 5 


3 


-3 


3 


-3 


1 


-1 
























3 


1 


1 


3 


3 


— 5 


-3 


-1 


X.64 


5 






5 


5 


-3 


5 


-3 


-3 


1 


1 
























-3 


1 


1 


1 


1 


-3 


-3 


1 


X.65 


5 


-3 


-3 


5 


5 


-3 


-3 


-3 


-3 


1 


1 
























-3 


1 


1 


-3 


-3 


5 


-3 


1 


X.66 


5 


1 


1 


1 


1 


-3 


1 


9 


1 


-3 


1 
























-3 


-3 


-3 


-3 


-3 


1 


1 


1 


X.67 




-4 


-4 






4 


4 








-4 




3 


-3 


-3 


3 


-i 


-i 


-i 


i 






-4 


4 


-4 










4 


X.68 




-4 


-4 






-4 


4 








4 




3 


-3 


-3 


3 


1 


-1 


1 


-1 






4 


4 


-4 










-4 


X.69 




4 


4 






4 


-4 








4 




3 


-3 


-3 


3 


-1 


-1 


-1 


1 






-4 


-4 


4 










-4 


X.70 




4 


4 






-4 


-4 








-4 




3 


-3 


-3 


3 


1 


-1 


1 


-1 






4 


-4 


4 










4 


X.71 


-10 


-2 


-2 


2 


2 




-2 


2 


2 


2 


2 
























-6 


-2 


-2 


-2 


-2 


2 


2 


2 


X.72 


10 


-2 


-2 


-2 


-2 




-2 


-2 


2 


2 


-2 
























6 


-2 


-2 


2 


2 


-2 


2 


-2 


X.73 




-6 


1(1 


4 


-4 




-2 




-2 


-2 


4 


























-2 


2 


-2 


2 




2 


-4 


X.74 




10 


-6 


-4 


4 




-2 




-2 


-2 


4 


























-2 


2 


2 


-2 




2 


-4 


X.75 




-6 


10 


-4 


4 




-2 




-2 


-2 


-4 


























-2 


2 


2 


-2 




2 


4 


X.76 




10 


-6 


4 


-4 




-2 




-2 


-2 


-4 


























-2 


2 


-2 


2 




2 


4 


X.77 












-8 














-3 


3 


3 


-3 


-1 


i 


-1 


1 






8 
















X.78 












8 














-3 


3 


3 


-3 


1 


1 


1 


-1 






-8 
















X.79 




-4 


-4 








4 




4 


4 




























4 


-4 








-4 
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Character table of £3 = E(Co2) (continued) 



6 3 
! i 



2 2 
i i 





8? 


8j 


xk 


81 


8 m 


St) 


8o 10a 106 10c 11a 12a 12b 12c 12d 12e 12/ 14a 14b 14c 14d 14e 14/ 16a 106 20a 24a 


2P 


4a 4 f 4m 4n 4m 4n 


4i 


5 a 


5 a 


5a 11a 6d 


fid 


6a 


fid 


(id 


6/ 
4a 


7a 


7b 


76 


7a 


76 


7a 


86 


8c 10a 12c 




8< 


Sj 


8 k 


81 


8m 


8n 


8o 10a 106 10c 11a 4d 


4 c 


4a 


4a 


4b 


14b 14a 14d 14c 14 f 14e 16a 166 20a 8a 


r >P 


8i 


8j 


8k 


81 


8m 


8n 


8o 


2c 


2a 


2h 11a 12a 126 12c 12d 12e 12f 146 14a 14d 14c 14f 14e 16a 166 


41 24a 


7 P 


8i 


8j 


8k 


81 8m 8ra 8o 10a 10b 10c 11a 12a 12b 12c 12d 12e 12/ 




2d 


2e 


2e 


26 


26 16a 166 20a 24a 


IIP 


8! 


8.7 


8 k 


81 


Km 


8n 


8o 10a 106 10c 


la 12a 126 12c 12d 12e 12/ 14a 146 14c 14d 14e 14/ 16a 166 20a 24a 


X.l 


1 


1 


1 


1 


1 


1 








































X.2 


1 


1 


-1 


-1 


1 


1 








]_ 




_ j 




_ 




_ 


_ j 




_ ]_ 


_ j_ 










^ _ j 


X.3 


1 


1 


— 1 


-1 


-1 


-1 


































— | 






XA 


1 


1 


1 


1 


-1 


-1 








— 




~ J 


— 




— 


— 
















— 


— 1 — 1 


X.S 


-2 




2 


—2 








_ 2 






2 


_ 2 














j 


_ j_ 


_ i 


_ i 








X.6 


-2 




-2 


2 








—2 






. —2 


2 










-1 


— 1 


1 


1 


— 1 


— 1 








X.I 


I 


1 


_1 


-1 


-1 


-1 


1 








1 












—A 


—A 


— A 


- A 


A 


A 


— 1 


— 1 




X.8 






~~ 1 


-1 


-1 


-1 


1 








1 












—A 


-A 


— A 


—A 


A 


A 


— 1 


— 1 




X.9 


1 


1 


1 


1 


-1 


-1 


1 








1 












A 


A 


A 


A 


A 


A 


1 


_1 




X 10 


1 


1 


1 


1 


— 1 


-1 










1 












A 


A 


A 














X 11 


_ ^ 




^ 


-1 


1 


1 


j- 


































— J 




X.12 


-1 


3 


1 


1 


1 


1 


1 


■ 


■ 


■ 


^ 


_ j 


















_ 


_ j_ 






_ i 


X.13 


-1 


3 


-1 


-1 


— 1 


-1 
































"j 


— | 


— j 




X.14 


-1 


3 


1 


1 


-1 


-1 






~~ j 


| 


■ 


■ 






■ 




— 


— 


— 


— 




1 




— 




X.15 


2 


-2 


















' — r 










_ 




















X.16 


2 


-2 












— 


— 






| 


























1 _ 1 


X.17 


—2 


—2 


















' r 






| 






















_ i 


X.18 


—2 


—2 












■ 


■ 




| | 
— * 


r 






— ^ 
















' 


■ 




X.19 


-1 


-1 


— 1 


— 1 


— 1 


— 1 










■ — 


~ 




























X.20 


3 


-1 


-1 


-1 


1 


1 








































X.21 


-1 


-1 


1 


1 


-1 


— 1 






— | 




^ 


_ j 




. 




















— | 




X.22 


3 


— 1 


1 


1 


1 


1 








































X.23 


-1 


— 1 


1 


1 


— 1 


— 1 














— 2 




















— j- 


— J 




X.24 


-1 


— 1 


— 1 


— 1 


— 1 


— 1 


































_ j_ 




1 — 1 


X.25 


1 


1 


1 


1 


1 


1 








































X.26 


1 


1 


-1 


— 1 


1 


1 














— 




— 




■ 


■ 


■ 


■ 


■ 


■ 


— 






X.27 




















































X.28 


























■ 




■ 




— 1 


— 




1 


1 


1 








X.29 




























* 
























X.30 


-2 








2 


—2 












j 


























' — 


X.31 


2 




-2 


2 














2 


2 




























X.32 


-2 








—2 


2 










' — i 


? 




























X.33 


—2 








2 


-2 








































X.34 


—2 








—2 


2 










1 


r. 






— ^ 






















X.35 


2 




2 


















— ^ 




























X.36 
















— i 


i 


i 


! 2 


2 


2 
























— i ] 


X.37 
















-i 


l 


-l 






-2 


-2 






















i 


X.38 
















-l 


l 


-l 


! -2 


-2 


2 
























l 


X.39 
















-i 


l 


l 






-2 


2 






















-l 


X.40 


-2 




-2 


2 


























—A 


—A 


A 


A 


—A 


-A 








X.41 


-2 




-2 


2 


























-A 


-A 


A 


A 


-A 


-A 








XA2 


-2 




2 


-2 


























A 


A 


-A 


-A 


-A 


-A 








XA3 


-2 




2 


-2 


























A 


A 


-A 


-A 


-A 


-A 








XA4 


-1 


-i 


-1 


-1 


-i 


-i 


-i 








! 2 


2 


-2 




















i 


i 




XA5 


3 


-l 


1 


1 


1 


1 


-l 












2 


2 


















-i 


-i 




XA6 


3 


-l 


-1 


-1 


1 


1 


-i 












2 


-2 


















l 


-i 




XA7 


-1 


-l 


1 


1 


-1 


-1 


-i 








! -2 


-2 


-2 




















-l 


i 




XAS 


-2 


2 










2 


i 


-i 


i 






























-i '. 


XA9 


-2 


2 










2 


l 


-l 


-l 






























l 


X.50 
















2 






'. 2 


-2 










-i 


-i 


i 


i 


-1 


-i 








X.51 
















2 






. -2 


2 










i 


l 


-l 


-1 


-1 


-i 








X.52 


4 
























2 




-2 






















X.53 


-4 


















































X.54 


4 


















































X.55 






















! i 


1 


i 




-i 






















X.5& 






















. -2 


2 


-2 




2 






















X.S7 






















. -1 


-1 


1 


i 


-1 






















X.58 






















2 


-2 


-2 




2 






















X.59 


-3 


-3 


1 


i 


i 


i 


i 
































-i 


-i 




X.60 


-3 


-3 


-1 


-i 


l 


l 


1 
































l 


-i 




X.61 


1 


-3 


1 


l 


-l 


-l 


1 
































-i 


i 




X.&2 


-3 


1 


-1 


-i 


l 


l 


1 
































l 


-l 




X.63 


1 


1 


1 


l 


-i 


-i 


1 
































-i 


i 




X.64 


1 


-3 


-1 


-l 


-i 


-i 


1 
































l 


i 




X.65 


1 


1 


-1 


-l 


-i 


-i 


1 
































l 


i 




X.66 


-3 


1 


1 


l 


l 


l 


1 
































-l 


-i 




X.67 






















! i 


i 


-i 


-i 


i 


i 


















! -i 


X.&8 






















. -l 


-1 


-1 


l 


l 


-i 


















l 


X.69 






















i 


1 


-1 


-i 


l 


l 


















. -l 


X.70 






















. -l 


-1 


-1 


l 


l 


-i 


















l 



where A = |(-1 + i\/7). 
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B.4. Character table of H {¥122) — (x,y,h) 



2 


17 


17 


16 


15 


15 


16 


16 


14 


10 


12 


12 


13 


11 


10 


7 


8 


5 


12 


10 


12 


10 


10 


3 


4 


4 


4 


2 


2 




*■ 


2 


2 














3 


3 


3 


2 
























































la 


2a 


2b 


2c 


2d 


2e 


2/ 


2ff 


2h 


2i 


2j 


2k 


21 


2m 


3a 


36 


3 c 


4i 


4 2 


4 3 


4 4 


4 5 


2P 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


3a 


36 


3 c 


2a 


2a 


2a 


2e 


2a 


3P 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


2ff 


2h 


2i 


2j 


2k 


21 


2m 


la 


la 


la 


4i 


4 2 


43 


4 4 


45 


5P 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


2ff 


2h 


2i 


2j 


2k 


21 


2m 


3a 


36 


3 c 


4i 


4 2 


4 3 


4 4 


45 


X.l 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.2 


1 


1 


1 


1 


1 


1 


1 


1 


— 1 


1 


1 


1 


1 


— 1 


1 


1 


1 


1 


— 1 


1 


— 1 


— 1 


X.3 


6 


6 


6 


— 2 


— 2 


6 


6 


— 2 


— 4 


2 


2 


— 2 


2 




—3 




3 


6 


— 4 


— 2 


— 4 




X.4 


6 


6 


6 


— 2 


— 2 


6 


6 


— 2 


4 


2 


2 


— 2 


2 




—3 




3 


6 


4 


— 2 


4 




X.5 


10 


10 


10 


— 6 


— 6 


10 


10 


— 6 




2 


2 


— 6 


2 




1 


4 


—2 


10 




— 6 






X.6 


15 


15 


15 


— 1 


_1 


15 


15 


_1 


5 


— 1 


_1 


_1 


— 1 


— 3 


6 




3 


15 


5 


— 1 


5 


— 3 


X.7 


15 


15 


15 


— 1 


— 1 


15 


15 


— 1 


_5 


— 1 


— 1 


— 1 


— 1 


3 


6 




3 


15 


— 5 


— 1 


— 5 


3 


X.8 


15 


15 


15 


7 


7 


15 


15 


7 




3 


3 


7 


3 


— 1 


_3 


3 




15 




7 


— 5 


_1 


X.9 


15 


15 


15 


7 


7 


15 


15 


7 




3 


3 


7 


3 


1 


—3 


3 




15 


g 


7 




1 


X.10 


20 


20 


20 


4 


4 


20 


20 


4 




— 4 


— 4 


4 


— 4 




— 7 


2 


2 


20 




4 






X.ll 


20 


20 


20 


4 


4 


20 


20 


4 


— 10 


4 


4 


4 


4 


_2 


2 


— 1 




20 


— 10 


4 


— 10 


— 2 


X.12 


20 


20 


20 


4 


4 


20 


20 


4 


10 


4 


4 


4 


4 


2 


2 


— 1 


5 


20 


10 


4 


10 


2 


X.13 


24 


24 


24 


8 


8 


24 


24 


8 


4 






8 




4 


6 


3 




24 


4 


8 


4 


4 


X.14 


24 


24 


24 


8 


8 


24 


24 


8 


— 4 






8 




— 4 


6 


3 




24 


—4 


8 


— 4 


—4 


X.15 


30 


30 


30 


— 10 


— 10 


30 


30 


— 10 


10 


2 


2 


— 10 


2 


— 2 


3 


3 


3 


30 


10 


— 10 


10 


_2 


X.16 


30 


30 


30 


— 10 


— 10 


30 


30 


— 10 


— 10 


2 


2 


— 10 


2 


2 


3 


3 


3 


30 


— 10 


— 10 


— 10 


2 


X.17 


32 


— 32 




16 


— 16 










8 


— 8 








—4 


8 


2 












X.18 


40 


40 


— 40 


16 


16 


8 


— 8 


— 16 


— 10 


4 


4 




— 4 


— 6 


4 


7 


I 




10 




2 


6 


X.19 


40 


40 


—40 


16 


16 


8 


— 8 


— 16 


10 


4 


4 




— 4 


6 


4 


7 


1 




— 10 




— 2 


—6 


X.20 


40 


40 


— 40 


— 16 


— 16 


8 


— 8 


16 


10 


4 


4 




— 4 


— 2 


4 


7 


1 




— 10 




— 2 


2 


X.21 


40 


40 


— 40 


— 16 


— 16 


8 


— 8 


16 


— 10 


4 


4 




— 4 


2 


4 


7 


1 




10 




2 


—2 


X.22 


60 


60 


60 


— 4 


—4 


60 


60 


—4 


— 10 


4 


4 


— 4 


4 


— 2 


6 


_3 


_3 


60 


— 10 


— 4 


— 10 


— 2 


X.23 


60 


60 


60 


— 4 


—4 


60 


60 


—4 


10 


4 


4 


— 4 


4 


2 


6 


_3 


_3 


60 


10 


— 4 


10 


2 


X.24 


60 


60 


60 


12 


12 


60 


60 


12 




4 


4 


12 


4 




— 3 




—6 


60 




12 






X.25 


64 


64 


64 






64 


64 




— 16 












— 8 


_2 


4 


64 


— 16 




— 16 




X.26 


64 


64 


64 






64 


64 




16 












—8 


—2 


4 


64 


16 




16 




X.27 


80 


80 


—80 






16 


— 16 




20 


8 


8 




— 8 


4 


8 


—4 


2 




— 20 




— 4 


—4 


X.28 


80 


80 


80 


— 16 


— 16 


80 


80 


— 16 








— 16 






— 10 


2 


-4 


80 




— 16 






X.29 


80 


80 


— 80 






16 


— 16 




— 20 


8 


8 




— 8 


_4 


8 


—4 


2 




20 




4 


4 


X.30 


81 


81 


81 


9 


9 


81 


81 


9 


9 


—3 


— 3 


9 


— 3 
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81 


9 


9 


9 


— 3 


X.31 


81 


81 


81 


9 


9 


81 


81 


9 


— 9 


_3 


_3 


9 


_3 


3 








81 


—9 


9 


—9 


3 


X.32 


90 


90 


90 
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— 6 


90 


90 
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—6 


— 6 
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— 6 




9 






90 




— 6 






X.33 


120 


120 


— 120 


16 


16 


24 


— 24 


— 16 


10 


— 4 


_4 




4 


— 10 


12 


3 


3 




— 10 
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10 


X.34 


120 


120 
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16 


24 


— 24 
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— 4 




4 


10 


12 


3 


3 




10 




2 
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120 


24 


24 
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— 8 


24 








— 8 




8 


3 


6 




8 




8 




8 


X.36 


120 


120 


120 


24 


24 


— 8 


— 8 


24 








—8 




8 


3 


6 




8 




8 




8 


X.37 


120 


120 


— 120 


— 16 


— 16 


24 


— 24 


16 


— 10 


— 4 


— 4 




4 


2 


12 


3 


3 




10 
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_2 


X.38 


120 


120 
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— 16 
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24 


— 24 


16 


10 
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— 4 




4 
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12 


3 


3 




— 10 




— 2 


2 


X.39 


120 


120 


120 


24 


24 


— 8 


— 8 


24 








— 8 




— 8 


3 
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8 




8 
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X.40 
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120 


24 


24 
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24 
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3 
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8 




8 




—8 
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135 


135 
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—33 
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7 


7 


— 33 
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3 


3 


_1 


3 


5 




9 




—9 


— 15 


15 


1 


5 


X.42 


135 


135 


135 


39 


39 


7 


7 


39 


— 15 


15 


15 


7 


15 


— 7 




9 




—9 


— 15 


— 9 


1 


— 7 


X.43 


135 


135 


135 


39 


39 


7 


7 


39 


15 


15 


15 


7 


15 


7 




9 




— 9 


15 


— 9 
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7 


X.44 


135 


135 


135 


—33 


—33 


7 


7 


— 33 


15 


3 


3 


— 1 


3 
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9 




— 9 


15 


15 
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—5 


X.45 


160 
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48 










8 
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16 
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160 
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48 










8 
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— 2 


16 
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X.47 


192 
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32 










16 


— 16 
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6 












X.48 
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— 216 


—48 


—48 


— 8 


8 


48 
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12 


12 




— 12 
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9 






6 




— 2 


2 


X.49 


216 


216 


— 216 


48 


48 


— 8 


8 


— 48 




12 


12 




— 12 
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9 






— 6 




2 


— 10 
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216 


216 


— 216 


48 


48 


— 8 


8 


— 48 


— 6 


12 


12 




— 12 


— 10 




9 






6 




_2 


10 


X.51 


216 


216 


— 216 


—48 


—48 


— 8 


8 


48 


6 


12 


12 




— 12 


2 




9 






— 6 




2 


— 2 


X.52 


240 


240 


— 240 


—32 


—32 


48 


—48 


32 


40 


8 


8 




— 8 




— 12 




3 




—40 




— 8 




X.53 


24(1 


240 


— 240 


32 


32 


48 


—48 


— 32 


40 


8 


8 




— 8 




— 12 




3 




—40 




— 8 




X.54 


24(1 


240 


240 


48 


48 


— 16 


— 16 


48 








— 16 






6 


12 




16 




16 






X.55 


240 


240 


— 240 


—32 


— 32 


48 


—48 


32 


—40 


8 


8 




— 8 




— 12 




3 




40 




8 




X.56 


240 


240 


— 240 


32 


32 


48 


—48 


— 32 


—40 


8 


8 




— 8 




— 12 




3 




40 




8 




X.57 


240 


240 


240 


—48 


—48 


— 16 


— 16 


— 48 








16 






6 


12 




16 




— 16 






X.58 


240 


240 


240 


—48 


—48 


— 16 


— 16 


— 48 








16 






6 


12 




16 




— 16 






X.59 


270 


270 


270 


6 


6 


14 


14 


6 


30 


18 


18 


6 


18 


2 




— 9 




— 18 


30 


6 


— 2 


2 
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270 
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6 


6 


14 


14 


6 


—30 


18 


18 


6 


18 


— 2 




—9 




— 18 


— 30 


6 


2 


— 2 
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320 
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-64 


-64 


64 
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-4 


14 


-4 












X.62 


320 


320 


-320 


64 


64 


64 


-64 


-64 














_4 


14 
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X.63 


320 


-320 




32 


-32 










-16 


16 








14 


8 


2 












X.64 


320 


-320 




32 


-32 










-16 


16 








14 


8 


2 












X.65 


405 


405 


405 


45 


45 


21 


21 


45 


45 


9 


9 


13 


9 


9 








-27 


45 


-3 


-3 


9 


X.66 


405 


405 


405 


-27 


-27 


21 


21 


-27 


-45 


-3 


-3 


5 


-3 


3 








-27 


-45 


21 


3 


3 


X.67 


405 


405 


405 


-27 


-27 


21 


21 


-27 


45 


-3 


-3 


5 


-3 


-3 








-27 


45 


21 


-3 


-3 


X.68 


405 


405 


405 


45 


45 


21 


21 


45 


-45 


9 


9 


13 


9 


-9 








-27 


-45 


-3 


3 


-9 


X.69 


480 


480 


-480 


32 


32 


96 


-96 


-32 


40 










8 


12 


-3 






-40 




-8 


-8 


X.70 


480 


480 


-480 






96 


-96 






-16 


-16 




16 




-24 




6 












X.71 


480 


480 


-480 


-32 


-32 


96 


-96 


32 


-40 










8 


12 


-3 






40 




8 
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96 
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32 
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12 
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-8 
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32 


32 


96 
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-32 
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-8 


12 
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8 


8 


X.74 
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-16 


16 










-8 


8 








-24 
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480 


-480 




112 


-112 










24 


-24 








12 


24 














X.76 


540 


540 


540 


60 


60 


28 


28 


60 


30 


-12 


-12 


-4 


-12 


-2 




9 




-36 


30 


-36 


-2 


-2 


X.77 


540 


540 


540 


60 


60 


28 


28 


60 


-30 


-12 


-12 


-4 


-12 


2 




9 




-36 


-30 


-36 


2 


2 


X.78 


540 


540 


540 


-84 
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28 


28 
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12 


12 
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12 
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9 
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12 
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-84 


28 
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12 
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12 
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9 
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12 


2 


2 
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64 
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32 
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-8 


-8 
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X.81 
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640 
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128 
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-8 


-8 


-8 












X.82 


720 


720 


720 


-48 


-48 


-48 


-48 


-48 








16 






-9 






48 




-16 






X.83 


720 


720 


720 


-48 


-48 


-48 


-48 


-48 








16 






-9 






48 




-16 






X.84 


720 


720 


720 


-48 
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16 
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10 


10 


10 
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44 
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9 
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9 


9 


8 


8 


9 


9 


9 
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8 


8 


8 


8 


7 


3 


7 
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2e 


2e 
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2o 
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2j 
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26 
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4i 
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6a 
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1 


1 


1 


1 
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1 


1 


1 


1 
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1 
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1 


1 


1 


1 


1 


1 
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1 


— i 


— 1 
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1 


1 


1 


1 


1 


1 


1 
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-1 


-1 


-1 


1 


1 


-1 


1 


-1 


1 


1 


1 


1 


1 


X.3 
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— 4 


— 2 


2 


2 


2 


2 


2 


2 


2 


2 






2 


2 


-2 




-2 






1 


— 3 


—3 


X.4 
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4 


— 2 


2 


2 


2 


2 


2 


2 


—2 


-2 






2 


2 


2 




2 






1 


— 3 


—3 


X.5 
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—6 


2 


2 


2 


2 


2 


2 










2 


2 
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-2 
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1 


1 
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5 
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3 


3 


3 


3 


1 
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-1 


-1 
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-1 


1 


-1 
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6 


6 
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3 


3 


_5 
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— 1 


3 


3 


3 


3 


— i 


-1 


3 


3 


-1 


-1 


-1 


-1 


-1 


-1 


-1 




6 


6 


X.8 


7 


_1 


— 1 


_5 


7 


3 


3 


-1 


-1 


-1 


— i 


_3 


-3 


-1 


-1 


3 


3 


1 


1 


1 


1 


1 




_3 


_3 


X.9 


7 


1 


1 


5 


7 


3 


3 


-1 


-1 


-1 


— i 


3 


3 


1 


1 


3 


3 


-1 


1 


-1 


1 


1 




_3 


_3 


X.10 


4 








4 


— 4 


-4 


4 


4 


4 


4 










-4 


-4 














— 7 


— 7 


X.ll 


4 


— 2 


— 2 


— 10 


4 


4 


4 










—2 


-2 


-2 


-2 


4 


4 


-2 




-2 








2 


2 


X.12 


4 


2 


2 


10 


4 


4 


4 










2 


2 


2 


2 


4 


4 


2 




2 








2 


2 


X.13 


8 


4 


4 


4 


8 


















4 


4 
















— i 


6 


6 


X. 14 


8 


— 4 


— 4 


—4 


8 


















-4 


-4 
















— i 


6 


6 


X. 15 


— 10 


_2 


_2 


10 


— 10 


2 


2 


-2 


-2 


-2 


_2 


—4 


-4 


-2 


-2 


2 


2 














3 


3 


X. 16 


— 10 


2 


2 


— 10 


— 10 


2 


2 


-2 


-2 


-2 


— 2 


4 


4 


2 


2 


2 


2 














3 


3 


X.17 




















4 


— 4 
















4 




-4 




2 


4 




X.18 


4 


— 2 


2 


— 2 


—4 


4 


—4 










—4 


4 


-2 


2 








2 
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-2 




4 


— 4 


X.19 
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X.24 


12 








12 
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4 
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-3 


X.25 
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-8 


X.26 








16 






































-i 


-8 


-8 


X.27 




-4 


4 


4 




8 


-8 














4 


-4 


















8 


-8 


X.28 


-16 








-16 






































-10 


-10 


X.29 




4 


-4 


-4 




8 


-8 














-4 


4 


















8 


-8 


X.30 


9 


-3 


-3 


9 


9 


-3 


-3 


-3 


-3 


-3 


-3 


3 


3 


-3 


-3 


-3 


-3 


-i 


-i 


-1 


-i 


-i 


i 






X.31 


9 


3 


3 


-9 


9 


-3 


-3 


-3 


-3 


-3 


-3 


-3 


-3 


3 


3 


-3 


-3 


i 


-1 


1 


-1 


-1 


l 






X.32 


-6 








-6 


-6 


-6 


2 


2 


2 


2 










-6 


-6 




2 




2 


2 




9 


9 


X.33 


4 


2 


-2 


2 


-4 


-4 


4 










4 


-4 


-6 


6 








-2 




-2 


2 




12 


-12 


X.34 


4 


-2 


2 


-2 


-4 


-4 


4 










-4 


4 


6 


-6 








-2 




-2 


2 




12 


-12 


X.35 




-8 


-8 










-4 


12 


-4 


-4 


























3 


3 


X.36 




-8 


-8 










12 


-4 


-4 


-4 


























3 


3 


X.37 


-4 


-10 


10 


-2 


4 


-4 


4 










4 


-4 


6 


-6 








2 




2 


—2 




12 


-12 


X.38 


-4 


10 


-10 


2 


4 


-4 


4 










-4 


4 


-6 


6 








2 




2 


—2 




12 


-12 


X.39 




8 


8 










-4 


12 


-4 


-4 


























3 


3 


X.40 




8 


8 










12 


-4 


-4 


-4 


























3 


3 


X.41 


-i 


5 


5 


i 


-i 


3 


3 


3 


3 


3 


3 


3 


3 


-3 


-3 


3 


— 5 


-i 


-3 


-1 


-3 


—3 








X.42 


-l 


-7 


-7 


l 


-1 


-1 


-1 


3 


3 


3 


3 


-3 


-3 


1 


1 


-1 


-1 


-3 


3 


-3 


3 


3 








X.43 


-l 


7 


7 


-l 


-1 


-1 


-1 


3 


3 


3 


3 


3 


3 


-1 


-1 


-1 


-1 


3 


3 


3 


3 


3 








X.44 


-l 


-5 


— 5 


-l 


-1 


3 


3 


3 


3 


3 


3 


-3 


-3 


3 


3 


3 


— 5 


1 


-3 


1 


-3 


—3 








X.45 




















4 


-4 
















-4 




4 
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-8 
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8 
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12 
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X.59 
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2 


2 
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-2 


-2 


2 


-2 


2 


2 


6 


6 


6 


6 
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-3 


-3 


3 


3 


-5 


— 5 


-3 


-3 


3 


1 


3 


1 


1 








X.67 


-3 


-3 


-3 


-3 


-3 


13 


13 


-3 


-3 


-3 


-3 


-3 


-3 


5 


5 


-3 


-3 


-3 


1 


-3 


1 


1 








X.68 


-3 


-9 


-9 


3 


-3 


9 


9 


-3 


-3 


-3 


-3 


-3 


-3 


-1 


-1 


-7 


1 


1 


-1 


1 


-1 


-1 








X.69 


8 


8 


-8 


8 


-8 






































12 


-12 


X.70 












-16 


16 


































-24 


24 


X.71 


-8 


8 


-8 


-8 


8 






































12 


-12 


X.72 


-8 


-8 


8 


8 


8 






































12 


-12 


X.73 


8 


-8 


8 


-8 


-8 






































12 


-12 


X.74 




















12 


-12 
















-4 




4 






24 




X.75 




















-4 


4 
















4 




-4 






-12 




X.76 


4 


-2 


-2 


-2 


4 


4 


4 










6 


6 


-2 


-2 


4 


-4 


-2 




-2 












X.77 


4 


2 


2 


2 


4 


4 


4 










-6 


-6 


2 


2 


4 


-4 


2 




2 












X.78 


4 


-2 


-2 


-2 


4 


-4 


-4 










-6 


-6 


-2 


-2 


-4 


4 


2 




2 












X.79 


4 


2 


2 


2 


4 


-4 


-4 










6 


6 


2 


2 


-4 


4 


-2 




-2 












X.80 
















































8 




X.81 
















































-8 


8 


X.82 
















24 


-8 


-8 


-8 


























-9 


-9 


X.83 
















-8 


24 


-8 


-8 


























-9 


-9 


X.84 
















-8 


-8 


8 


8 


























-9 


-9 
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2 


7 


8 


7 


7 


7 


7 


7 


5 


6 


6 


4 


7 


7 


5 


5 


4 


4 


4 


4 


5 


5 


5 


3 


4 


7 


7 


7 


7 


7 


3 


4 


3 


3 


2 


2 


2 


2 


3 


2 


2 


3 


1 


1 


2 


2 


2 


2 


2 


2 


1 


1 


1 


2 


1 


1 


1 










6c 


6d 


6e 


6/ 


69 


6h 


Qi 


6j 


(>k 


6fl 6m 


On 


60 


0/' 


Oq 


67' 


O.s 




On 


(n? 


tc 


6x 


Oy 


(iz 


8 a 


86 


8 c 


8a 


8e 


2P 


3a 


36 


36 


3 a 


3a 


3 a 


3 a 


3c 


36 


36 


3 c 


36 


36 


36 


36 


3 c 


3 c 


3 c 


3 c 


3 c 


3 c 


36 


3 c 


3 c 


4i 


4, 4 n 


4ll 


4n 


3P 


26 


2a 


26 


2 c 


2g 


2g 


2d 


2a 


2c 


2ci 


26 


2e 


2f 


26 


29 


2g 


29 


2d 


2c 


2i 


2j 2m 


2 ft 


22 


8 a 


86 


8c 


8d 


8 c 


BP 


66 


(id 


6e 


6/ 


ah 


<s» 


6? 


63 


6fc 


61 6m 


On 


60 


Op 


Oa 


(is 


6r 


6t 


6u 


Or 


(i(C 


0.x 


Oy 


0,3 


8a 


86 


8c 


8d 


8 c 


X. 1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


— 1 


1 


1 


1 


1 


1 


1 


1 


-1 


— 1 


1 


— 1 


-1 


-1 


1 


1 


X.3 


— 3 






1 


1 


1 


1 


3 


—2 


-2 


3 






2 


—2 


1 


1 


1 


1 


— 1 


-1 




— 1 


— 1 






2 






XA 


— 3 






1 


1 


1 


1 


3 


—2 


-2 


3 






—2 


—2 


1 


1 


1 


1 


-1 


-1 




1 


— 1 






-2 






X.5 


1 


4 


4 


_3 


_3 


_3 


_3 


_2 






-2 


4 


4 














2 


2 






2 








_2 


—2 


X.6 


6 






2 


2 


2 


2 


3 


2 


2 


3 






2 


2 


— 1 


_1 


— 1 


_1 


— 1 


-1 




_1 


_1 


_3 


-3 


1 


_1 


— 1 


X.7 


6 






2 


2 


2 


2 


3 


2 


2 


3 






_2 


2 


— 1 


_1 


— 1 


— 1 


_1 


-1 




1 


_1 


3 


3 


-1 


_1 


— 1 


X.8 


— 3 


3 


3 


1 


1 


1 


1 




1 


1 




3 


3 


1 


1 


— 2 


_2 


_2 


—2 






-i 


_2 




_1 


-1 


-3 


1 


1 


X.9 


— 3 


3 


3 


1 


1 


1 


1 




1 


1 




3 


3 


— 1 


1 


—2 






— 2 






1 


2 




1 


1 


3 


1 


1 


X.10 


— 7 


2 


2 


1 


1 


1 


1 


2 


—2 


-2 


2 


2 


2 




—2 


— 2 


_7 


_7> 


— 2 


2 


2 






2 












X.ll 


2 


_1 


— 1 


_2 


_2 


_2 


_2 




1 


1 


5 


— 1 


— 1 


— 1 


1 


1 


1 


1 


1 


1 


1 


i 


— 1 


1 


—2 


-2 


-2 






X. 12 


2 


— 1 


— 1 


— 2 


— 2 


_2 


— 2 


c 


1 


1 


5 


— 1 


— 1 


1 


1 


1 


1 


1 


1 


1 


1 


-1 


1 


1 


2 


2 


2 






X. 13 


6 


3 


3 


2 


2 


2 


2 




_1 


-1 




3 


3 


1 


— 1 


2 


2 


2 


2 






1 


_2 




4 


4 








X. 14 


Q 


3 


3 


2 


2 


2 


2 




_ 1 


-1 




3 


3 


_ 1 


_ 1 


2 


2 


2 


2 






-1 


2 




_4 


-4 








X. 15 


3 


3 


3 


— 1 


— 1 


— 1 


— 1 


3 


— 1 


-1 


3 


3 


3 


1 


_1 


— 1 


_1 


— 1 


— 1 


_i 


-i 


1 


1 


—i 


_2 


-2 


-4 






X.16 


3 


3 


3 


— 1 


— 1 


— 1 


— 1 


3 


— 1 


-1 


3 


3 


3 


— 1 


— 1 


-1 


— 1 


— 1 


— 1 


-1 


— 1 


— 1 


— 1 


— 1 


2 


2 


4 






X.17 




— 8 




4 






-4 


— 2 


4 


—4 
















2 


—2 


2 


— 2 


















X.18 


— 4 


7 


_7 


4 


—4 


—4 


4 


1 


1 


1 


-1 


— 1 


1 


— 1 


_1 


— 1 


_1 


1 


1 


1 


1 


—3 


— 1 


_1 


—2 


2 




2 


—2 


X.19 


— 4 


7 


— 7 


4 


—4 


—4 


4 


1 


1 


1 


-1 


— 1 


1 


1 


— 1 


— 1 


— 1 


1 


1 


1 


1 


3 


1 


— 1 


2 


— 2 




2 


—2 


X.20 


— 4 


7 


_7 


— 4 


4 


4 


— 4 


1 


— 1 


— 1 


— 1 


_1 


1 


1 


1 


1 


1 


— 1 


— 1 


1 


1 


1 


1 


— 1 


—2 


2 




_2 


2 


X.21 


-4 


7 


-7 


-4 


4 


4 


-4 


1 


-1 


-1 


-1 


-1 


1 


-1 


1 


1 


1 


-1 


-1 


1 


1 


— 1 


-1 


-1 


2 


—2 


■ 


-2 


2 


X.22 


6 


-3 


-3 


2 


2 


2 


2 


-3 


-1 


-1 


-3 


-3 


-3 


-1 


-1 


-1 


-1 


-1 


-1 


1 


1 


1 


-1 


1 


-2 


— 2 


2 






X.23 


6 


-3 


-3 


2 


2 


2 


2 


-3 


-1 


-1 


-3 


-3 


-3 


1 


-1 


-1 


-1 


-1 


-1 


1 


1 


— 1 


1 


1 


2 


2 


—2 






X.24 


-3 






-3 


-3 


-3 


-3 


-6 






-6 


















-2 


— 2 






-2 












X.25 


-8 


-2 


-2 










4 






4 


-2 


-2 


2 


















2 














X.26 


-8 


-2 


-2 










4 






4 


-2 


-2 


-2 


















-2 














X.27 


-8 


-4 


4 










2 






-2 


4 


-4 


2 












2 


2 


—2 


2 


-2 












X.28 


-10 


2 


2 


2 


2 


2 


2 


-4 


2 


2 


—4 


2 


2 




2 


2 


2 


2 


2 




■ 


■ 
















X.29 


-8 


-4 


4 










2 






—2 


4 


-4 


-2 












2 


2 


2 


-2 


-2 




■ 


■ 






X.30 


















































3 






-1 


-1 


X.31 


















































3 


3 


— 3 


-1 


-1 


X.32 


9 






-3 


-3 


-3 


-3 




























■ 


■ 








■ 




2 


2 


X.33 


-12 


3 


-3 


4 


-4 


-4 


4 


3 


1 


1 


—3 


3 


-3 


1 


-1 


-1 


-1 


1 


1 


-1 


— 1 


— 1 


1 


1 


-2 


2 




-2 


2 


X.34 


-12 


3 


-3 


4 


-4 


-4 


4 


3 


1 




— ^ 


3 


-3 


-1 


-1 


-1 


-1 


1 


1 


-1 


^ 




-1 


1 


2 


— 2 




-2 


2 


X.35 


3 


6 


6 


3 


3 


3 


3 










-2 


-2 


















2 
















X.36 


3 


6 


6 


3 


3 


3 


3 






■ 


■ 


-2 


-2 


















2 
















X.37 


-12 


3 


-3 


-4 


4 


4 


-4 


3 


-i 




— ^ 


3 


-3 


-i 


i 


1 


i 


-i 


-i 


-i 


_i 


— 1 


-i 


i 


-2 


2 




2 


-2 


X.38 


-12 


3 


-3 


-4 


4 


4 


-4 


3 


-1 


— 


— 3 


3 


-3 


1 


1 


1 


1 


-1 


-1 


-1 


— 1 


1 


1 


1 


2 


—2 




2 


-2 


X.39 


3 


6 


6 


3 


3 


3 


3 










-2 


-2 


















_2 
















X.40 


3 


6 


6 


3 


3 


3 


3 






■ 




-2 


-2 


















—2 
















X.41 




9 


9 












3 






1 


1 


-3 


3 














_1 






i 


1 


_1 


i 


1 


X.42 




9 


9 












3 






1 


1 


—3 


3 














— 1 






1 


1 


1 


— 1 


— 1 


X.43 




9 


9 












3 


3 




1 


1 


3 


3 














1 






— 1 


-1 


-1 


— 1 


— 1 


X.44 




9 


9 












3 






1 


1 


3 


3 












■ 


1 






— 1 


-1 


1 


1 


1 


X.45 


A 


-16 




-6 


B 


B 


6 


2 
















B 


B 






2 


— 


















X.46 


A 


-16 




-6 


B 


B 


6 


2 
















B 


B 






2 


— 2 


















X.47 








4 






-4 


-6 


-8 


8 
















2 


—2 


-2 


2 










■ 








X.48 




9 


-9 












-3 


-3 




1 


-1 


-3 


3 














1 






-2 


2 




2 


-2 


X.49 




9 


-9 












3 


3 




1 


-1 


3 


-3 














1 






-2 


2 




-2 


2 


X.50 




9 


-9 












3 


3 




1 


-1 


-3 


-3 














— 1 






2 


— 2 




-2 


2 


X.51 




9 


-9 












-3 


-3 




1 


-1 


3 


3 














— 1 






2 


—2 




2 


-2 


X.52 


12 






4 


-4 


-4 


4 


3 


-2 


-2 


-3 






-2 


2 


-i 


-i 


i 


i 


-1 


— 1 




i 


i 












X.53 


12 






-4 


4 


4 


-4 


3 


2 


2 


-3 






-2 


-2 


1 


1 


-1 


-1 


-1 


— 1 




1 


1 












X.54 


6 


12 


12 


6 


6 


6 


6 










-4 


-4 


































X.55 


12 






4 


-4 


-4 


4 


3 


-2 


-2 


-3 






2 


2 


-1 


-i 


i 


1 


-1 


— 1 




-i 


i 












X.56 


12 






-4 


4 


4 


-4 


3 


2 


2 


-3 






2 


-2 


1 


1 


-1 


-1 


-1 


-1 




-1 


1 












X.57 


6 


12 


12 


-6 


-6 


-6 


-6 










-4 


-4 


































X.58 


6 


12 


12 


-6 


-6 


-6 


-6 










-4 


-4 


































X.59 




-9 


-9 












-3 


-3 




-1 


-1 


-3 


-3 














-1 






-2 


-2 








X.60 




-9 


-9 












-3 


-3 




-1 


-1 


3 


-3 














1 






2 


2 








X.61 


4 


14 


-14 


-4 


4 


4 


-4 


-4 


2 


2 


4 


-2 


2 




-2 


-2 


-2 


2 


2 






















X.62 


4 


14 


— 14 


4 


—4 


—4 


4 


— 4 


—2 


-2 


4 


—2 


2 




2 


2 


2 


—2 


—2 






















X.63 


A 


-8 




2 


A 


A 


-2 


-2 


-4 


4 
















-2 


2 


2 


-2 


















X.64 


A 


-8 




2 


A 


A 


-2 


-2 


-4 


4 
















-2 


2 


2 


-2 


















X.65 


















































-3 


-3 


-1 


3 


3 


X.66 


















































3 


3 


-1 


-3 


-3 


X.67 


















































-3 


-3 


1 


-3 


-3 


X.68 


















































3 


3 


1 


3 


3 


X.69 


-12 


-3 


3 


-4 


4 


4 


-4 




-i 


-1 




-3 


3 


i 


i 


-2 


-2 


2 


2 






-1 


-2 




4 


-4 








X.70 


24 














6 






-fi 


















2 


2 






-2 












X.71 


-12 


-3 


3 


4 


-4 


-4 


4 




1 


1 




-3 


3 


-1 


-1 


2 


2 


-2 


-2 






-i 


2 




4 


-4 








X.72 


-12 


-3 


3 


4 


-4 


-4 


4 




1 


1 




-3 


3 


1 


-1 


2 


2 


-2 


-2 






1 


-2 




-4 


4 








X.73 


-12 


-3 


3 


-4 


4 


4 


-4 




-1 


-1 




-3 


3 


-1 


1 


-2 


-2 


2 


2 






1 


2 




-4 


4 








X.74 








8 






-8 


-6 


8 


-8 
















-2 


2 


-2 


2 


















X.75 




-24 




4 






-4 




4 


-4 
















-4 


4 






















X.76 




9 


9 












-3 


-3 




1 


1 


-3 


-3 














1 






2 


2 


-2 






X.77 




9 


9 












-3 


-3 




1 


1 


3 


-3 














-1 






-2 


-2 


2 






X.78 




9 


9 












-3 


-3 




1 


1 


-3 


-3 














1 






2 


2 


2 






X.79 




9 


9 












-3 


-3 




1 


1 


3 


-3 














-1 






-2 


-2 


-2 






X.80 




8 




-8 






8 


-1() 


4 


-4 
















2 




2 


-2 


















X.81 


8 


-8 


8 










-8 






8 


8 


-8 


































X.82 


-9 






3 


3 


3 


3 














































X.83 


-9 






3 


3 


3 


3 














































X.84 


-9 






3 


3 


3 


3 
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2 


7 


7 


6 


5 


5 


5 


2 


3 


2 2 


5 6 


6 


5 


5 


5 


5 


5 


5 


5 


5 5 


5 


5 


5 5 


3 














2 






3 2 


2 


2 


1 


1 


1 


1 


l 


1 


1 1 


1 


1 


1 1 


5 
















i 


i i 


































8h 


8i 


8.) 


8fc 


9a 10a 105 10c 


12a 126 12c 12d 12e 12/ 12g 126 12/ 12/ 12/,: 121 12m 


12n 12o 12p 


2P 


4 ;! 


4n 


4i2 4 i3 4 14 4 2i 


9ft 


' 


5a 5a 


6a 6d 


6d 


6d 


fin 


(id 


6n 


(in 


(in 


6g 


6n 6a 


eg 


6h 


6n 6n 


3P 


8/ 


8g 


8/1 


8i 


8j 


8k 


3a 




i nil i n*. 

1UO 1UC 


4i 4i 


4i 


4 2 


4 4 


4 5 


4(i 


4 7 


4 S 4i 5 4i 5 4 3 


4l6 


lie 


4io 4 9 


5P 


8/' 


83 


Sh 


8? 


83 


8 k 


!)n 


2 o 


2h 26 


12a 126 12c 12d 12e 12/ 12g 12a 12i 12fc 12j 12! 


12n 12m 12o 12p 


X.l 


1 


1 


1 


1 


1 


1 


1 


1 


1 1 


\ \ 


X 


1 


X 


X 


X 


X 


X 


X 


X X 


1 


x 


X x 


X.2 


1 


— 1 


-1 


-1 


-1 


1 


1 


1 


-1 1 


X x 


X 


_ x 


_ x 


_ x 


x 


_ x 


_ x 


x 


X X 


X 


x 


X — X 


X.3 


2 


_2 


-2 










1 


1 1 


— 3 




2 


2 




_2 






_ x 


_ x X 


_ X 


_ x 


— 2 2 


X.4 


2 


2 


2 










1 


-1 1 


— 3 




_2 


_ 2 




_2 






_ x 


_ x X 


_ x 


_ x 


— 2 —2 


X.5 


2 










-2 


i 






1 4 


4 














_x 


— 1 —3 


_ x 


_ x 




X.6 


3 


1 


i 


-i 


-i 


-1 








6 




2 


2 




2 








2 






2 2 


X.l 


3 


_1 


-1 


1 


1 


-1 








6 




_2 


_2 




2 








2 






2 —2 


x.k 


— 1 


1 


1 


1 


1 


1 








— 3 3 


3 


x 


x 


_ x 


x 


_ x 


_ x 


_ x 


_ x X 


_ x 


_ x 


X x 


X.9 


— 1 


_1 


-1 


-1 


-1 


1 








— 3 3 


3 


_ x 


_ x 


x 


x 


x 


x 


_ x 


_ x X 


_ x 


_ x 


X _ x 


X.10 


4 












-i 






— 7 2 


2 








_2 






x 


X x 


x 


x 


_2 


X.ll 




— 2 


-2 








-i 






2 — 1 


_1 


_i 


— X 


i 


1 


X 


X 




— 2 






X — X 


X.12 




2 


2 








-l 






2 — 1 


_1 


i 


x 


_ x 


X 


_ x 


_ x 




_2 






X X 


X.13 
















-i 


-i -i 


6 3 


3 


i 


1 


1 


— X 


X 


1 




2 






— X 1 


X.14 
















-l 


1 -1 


6 3 


3 


-i 


-1 


-1 


-1 


-1 


-1 




. 2 






-1 -1 


X.15 


_2 


















3 3 


3 


l 


1 


1 


-1 


1 


1 


i 


1 -1 


i 


1 


-1 1 


X. 16 


_2 


















3 3 


3 


-i 


-1 


-1 


-1 


-1 


-1 


i 


1 -1 


l 


1 


-1 -1 


X.17 














2 


—2 




















-2 


-2 


2 


2 




X.18 














1 






'. 3 


-3 


i 


-1 


3 


i 


i 


-i 










-i i 


X.19 




















. 3 


-3 


-i 


1 


-3 


l 


-l 


l 










-1 -1 


X.2Q 














| 






. 3 


-3 


-l 


1 


-1 


-i 


-3 


3 










1 -1 


X.21 




















. 3 


-3 


l 


-1 


1 


-i 


3 


-3 










1 1 


X.22 




2 


2 














6 -3 


-3 


-i 


-1 


1 


-l 


1 


1 




'. 2 






-1 -1 


X.23 




-2 


— 2 














6 -3 


-3 


l 


1 


-1 


-l 


-1 


-1 




. 2 






-1 1 


X.24 


4 












■ 


■ 


■ 


-3 


















1 -3 








X.25 














1 


— 1 


— 1 — 1 


-8 -2 


-2 


2 


2 


















! 2 


X.26 
















— 4 


1 ~~ 4 


-8 -2 


-2 


-2 


-2 


















. -2 


X.27 
























-2 


2 


2 




2 


-2 










. -2 


X.28 




















-10 2 


2 








2 








'. 2 






2 


X.29 














— 1 


■ 


■ 






2 


-2 


-2 




-2 


2 










2 


X.30 


-3 


-i 


— 1 


1 


1 


— 1 


































X.31 


-3 


1 


1 


-1 


— 1 


-1 


































X.32 


2 










2 








9 
















— 1 


-1 -3 


— 1 


-i 




X.33 




















. 3 


-3 


-1 


1 


i 


i 


-1 


i 










-i -i 


X.34 










■ 










3 


—3 


1 


— 1 


— 1 


l 


1 


— 1 










— l l 


X.35 




















— 1 2 


2 






2 




—2 


—2 


-1 


— 1 —1 


— 1 


-1 




X.36 








2 


_ 2 










— 1 2 


2 






2 




—2 


—2 


-1 


— 1 —1 


— 1 


— 1 




X.37 




















3 


—3 


i 


— 1 


1 


-i 


-1 


1 










i i 


X.38 




















3 


—3 


— l 


1 


— 1 


— l 


1 


— 1 










l — l 


X.39 








2 


_2 










— 1 2 


2 






—2 




2 


2 


-1 


— 1 —1 


— 1 


-1 




X.40 








_ 2 


2 










— 1 2 


2 






—2 




2 


2 


— 1 


— 1 —1 


— 1 


-1 




X.41 


-1 


3 
















. -3 


-3 


-3 


1 


-1 


-i 


-1 


— 1 










— i i 


A". 42 


— 1 


1 


X 


_ x 


X 


_ x 








. —3 


—3 


—3 


1 


— 1 


— l 


— 1 


— 1 










— l l 


X.43 


— 1 


— 1 






X 










. -3 


-3 


3 


-1 


1 


— l 


1 


1 










— l -l 


X.44 


— 1 


—3 


X 


_ x 


_ X 










. -3 


-3 


3 


-1 


1 


-i 


1 


1 










— l -l 


A". 45 














X 






















C 


6 . 


-C 


-6 




X.46 














1 


■ 




















C 


c . 


-c 


-c 




X.47 
















— 2 


■ 


















2 


2 


-2 


-2 




X.48 
















1 


— 1 — 1 


.' -3 


3 


3 


i 


-i 


i 


i 


-i 










-l -i 


X.49 
















4 


j ~4 


. -3 


3 


-3 


-i 


-l 


-i 


l 


-1 










l l 


x.r>o 




















. -3 


3 


3 


l 


l 


-l 


-l 


1 










l -l 


X.51 




















. -3 


3 


-3 


-i 


l 


l 


-l 


1 










-l l 


X.52 
























2 


-2 




-2 














2 2 


X.53 
























2 


-2 




2 














-2 2 


X.54 














































X.55 
























-2 


2 




-2 














2 -2 


X.56 
























-2 


2 




2 














-2 -2 


X.57 




















-2 4 


4 
















'. 2 








X.58 




















-2 4 


4 
















. 2 








X.59 


-2 


-4 
















. 3 


3 


-3 


1 


-i 


1 


-i 


-i 










i i 


X.60 


-2 


4 
















. 3 


3 


3 


-1 


l 


1 


l 


1 










1 -1 


X.61 














-i 






. 6 


-6 








2 














-2 


Y (i ' 














-l 






. 6 


-6 








-2 














2 


X.63 














-i 






















-6 


~C . 


6 


c 




X.64 














-l 






















-c 


-C . 


c 


c 




X.65 


i 


3 


-1 


-1 


-i 


-1 


































X.66 


1 


-1 


-1 


-1 


-1 


1 


































X.67 


1 


1 


1 


1 


1 


1 


































X.68 


1 


-3 


1 


1 


1 


-1 


































X.69 




















! -3 


3 


-1 


i 


i 


-i 


-i 


i 










1 -1 


X.70 














































X.71 




















! -3 


3 


i 


-i 


i 


1 


-i 


i 










-i i 


X.72 




















. -3 


3 


-i 


l 


-i 


1 


i 


-1 










-1 -1 


X.73 




















. -3 


3 


l 


-l 


-l 


-1 


l 


-1 










1 1 


X.74 














































X.75 




































2 


2 


-2 


-2 




X.76 




-2 


2 














'. -3 


-3 


-3 


i 


i 


i 


i 


i 










i i 


X.77 




2 


-2 














. -3 


-3 


3 


-i 


-l 


l 


-l 


-l 










l -l 


X.78 




2 


-2 














. -3 


-3 


-3 


i 


l 


l 


l 


l 










l l 


X.79 




-2 


2 














. -3 


-3 


3 


-i 


-l 


l 


-l 


-l 










l -l 


X.80 














-2 
































X.81 














1 
































X.82 




















3 '. 
















i 


i -i 


i 


i 




X.83 




















3 
















1 


1 -1 


1 


i 




X.84 




















3 
















F 


F -1 


F 


F 
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Character table of H{F\22) (continued) 



12q 12r 12s 12i 12u Ida 166 18a 18b 18c 20a 24a 246 



2P 


6j 


6/ 


6/ 6v 




8/ 


8/ 


9a 


9a 


9a 


10a 


126 


126 


3P 


4o 


4i3 


4l4 4i7 


4=18 


16a 


166 


6a 


66 


6c 


20a 


8a 


86 


5P 


12g 


12r 


12s 12t 


l'2u 


166 


16a 


18a 


18c 


186 


42 


24u 


246 


X.l 


1 


1 


1 1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.2 


— 1 


1 


1 — 1 


— 1 


— 1 


— 1 


1 


1 


1 


— 1 


— 1 


— 1 


X.3 


— 1 


— 1 


— 1 —1 


— 1 












1 






X.4 


1 


— 1 


— 1 1 


1 












— 1 






X.5 




— 1 


— 1 








1 


1 


1 








X.6 


— 1 




1 


1 


— 1 


— 1 














X.7 


1 




. —1 


— 1 


1 


1 














X.8 


— 2 


— 1 


— 1 




1 


1 










— 1 


— 1 


X.9 


2 


— 1 


— 1 




— 1 


-1 










1 


1 


X.10 




1 


1 








— 1 


— 1 


-1 








X.ll 


— 1 




1 


1 






— 1 


— 1 


— 1 




1 


1 


X.12 


1 




. —1 


— 1 






— 1 


-1 


-1 




— 1 


— 1 


X.13 


— 2 


















— 1 


1 


1 


X.14 


2 


















1 


— 1 


— 1 


X.15 


1 


1 


1 —1 


— 1 














1 


1 


X. 16 


— 1 


1 


1 1 


1 














— 1 


— 1 


X.17 








■ 






— 2 








• 






























X . 1 9 


_ ]_ 






1 








^ 


_ \ 




_ ]_ 




Y ' ' ( ) 


_ ■]_ 




1 










_ \ 


_ i 




x 


_ j_ 


Y ,;> 1 






1 


1 








_ i 


_ i 




_ i 




Y ■>■> 


_ i 




1 


1 














I 


I 


Y 23 






1 


\ 














_ i 


_ i 


Y 24 


























Y 'T> 


2 
























Y" 


_2 


















I 






X 27 


_2 












_ i 


\ 










Y ,;> 8 














_ i 


_ i 


_ i 








X.29 


2 












_ i 


1 


1 








X.30 










i 


i 








-i 






X.31 










-l 


-i 








l 






X.32 




_1 


— i 




















X.33 


-1 




1 


-i 














i 


-i 


X.34 


1 




. -1 


i 














-l 


l 


X.35 




-i 


3 




















X.36 




3 


-1 




















X.37 


i 




1 


-i 














i 


-i 


X.38 


-l 




. — 1 


l 














—l 


l 


X.3 9 




— 1 


3 




















X.40 




3 


-1 




















X.41 










— i 


— l 










i 


i 


X.42 










l 


l 










i 


l 


X.43 










-l 


-i 










-l 


-i 


X.44 










l 


l 










—l 


— l 


X.45 














-1 


D 


.D 








X.46 














-1 


D 


£) 








X.47 


























X.48 




















i 


i 


-i 


X.49 




















-i 


i 


-i 


X.50 




















l 


-l 


l 


X.51 




















-l 


-l 


l 


X.52 


-l 




'. i 


-i 


















X.53 


-l 




. -l 


l 


















X.54 




-2 


-2 




















X.55 


i 




. -1 


i 


















X.56 


l 




1 


-l 


















X.57 










E 


E 














X.5S 










E 


E 














X.59 






















i 


i 


X.60 






















-l 


-l 


X.61 














-i 


1 


i 








X.62 














-l 


1 


1 








X.63 














l 


D 


D 








X.64 














1 


D 


D 








X.65 










i 


i 














X.66 










l 


l 














X.67 










-l 


-i 














X.68 










-l 


-i 














X.69 


2 




















i 


-i 


X.70 


























X.71 


-2 




















i 


-i 


X.72 


2 




















-l 


l 


X.73 


-2 




















-l 


l 


X.74 


























X.75 


























X.76 






















-i 


-i 


X.77 






















l 


l 


X.78 






















-l 


-i 


X.79 






















l 


l 


X.80 














2 












X.81 














1 












X.82 




-3 


1 




















X.83 




1 


-3 




















X.84 




1 


1 
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Character table of H{F'\22) (continued) 



2 


17 


17 


16 


15 


15 


16 


16 


14 


10 


12 


12 


13 


11 


10 


7 


8 


5 


12 


10 


12 


10 


10 


3 


4 


4 


4 


2 


2 


1 


1 


2 


2 


1 


1 




1 


1 


4 


3 


3 


3 


2 


1 


1 


1 


5 


1 


1 


1 












1 




















1 










la 


2a 


26 


2c 


2d 


2e 


9 f 


z 9 


2h 


2i 




2k 


21 


m 


3a 


36 


'.'x 




A~ 


A~ 


A . 


A~ 


2P 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


3a 


36 


3 c 


2a 


2a 


2a 


2e 


2a 


3P 


la 


2a 


26 


2c 


2d 


2e 


2/ 


2g 


2h 


2i 


2j 


2k 


21 


2m 


la 


la 


la 


4i 


4 2 


4 3 


4 4 


4 5 


5P 


la 


2a 


26 


2c 


2d 


2e 


2/ 


2.9 


2h 


2i 


2.7 


2k 


21 


2m 


3 a 


36 


3 c 


4i 


4 2 


4 3 


4 4 


4r, 


X.85 


720 


720 


720 


—48 


— 48 


—48 


— 48 


—48 








16 






— 9 






48 




— 16 






X.86 


768 


— 768 




128 


— 128 




















— 24 


24 














X.87 


810 


810 


810 


90 


90 


42 


42 


90 




18 


18 


26 


18 










— 54 




— 5 






X.88 


810 


810 


810 


— 54 


— 54 


42 


42 


— 54 




— 6 


—6 


10 


—6 










— 54 




42 






X.89 


810 


810 


810 


18 


18 


42 


42 


18 




— 18 


— 18 


18 


— 18 


12 








— 54 




18 




12 


X.90 


810 


810 


810 


18 


18 


42 


42 


18 




— 18 


— 18 


18 


— 18 


— 12 








— 54 




18 




— 12 


X.91 


864 


864 


—864 


96 


96 


—32 


32 


—96 


24 










8 




9 






—24 




8 


— 8 


X.92 


864 


864 


-864 


-96 


-96 


-32 


32 


96 


-24 










8 




9 






24 




-8 


-8 


X.93 


864 


864 


-864 


-96 


-96 


-32 


32 


96 


24 










-8 




9 






-24 




8 


8 


X.94 


864 


864 


-864 


96 


96 


-32 


32 


-96 


-24 










-8 




9 






24 




-8 


8 


X.95 


960 


960 


960 






-64 


-64 














16 


24 


-6 




64 








16 


X.96 


960 


960 


960 






-64 


-64 














-16 


24 


-6 




64 








-16 


X.97 


960 


-960 




-160 


160 










16 


-16 








-12 


24 


6 












X.98 


960 


-960 




96 


-96 










16 


-16 








6 




-6 












X.99 


960 


-960 




96 


-96 










16 


-16 








6 




-6 












X.100 


1080 


1080 


-1080 


48 


48 


-40 


40 


-48 


30 


12 


12 




-12 


10 




-9 






-30 




10 


-10 


X.101 


1080 


1080 


-1080 


-48 


-48 


-40 


40 


48 


-30 


12 


12 




-12 


-2 




-9 






30 




-10 


2 


X.102 


1080 


1080 


1080 


-24 


-24 


56 


56 


-24 


60 






-24 




-4 




-9 




-72 


60 


-24 


-4 


-4 


X.103 


1080 


1080 


1080 


-24 


-24 


56 


56 


-24 


-60 






-24 




4 




-9 




-72 


-60 


-24 


4 


4 


X.104 


1080 


1080 


-1080 


-48 


-48 


-40 


40 


48 


30 


12 


12 




-12 


2 




-9 






-30 




10 


-2 


X.105 


1080 


1080 


-1080 


48 


48 


-40 


40 


-48 


-30 


12 


12 




-12 


-10 




-9 






30 




-10 


10 


X.106 


1280 


-1280 




-128 


128 




















20 


8 


-4 












X.107 


1280 


-1280 




-128 


128 




















20 


8 


-4 












X.108 


1296 


1296 


-1296 






-48 


48 




36 


-24 


-24 




24 


-12 










-36 




12 


12 


X.109 


1296 


1296 


-1296 






-48 


48 




-36 


-24 


-24 




24 


12 










36 




-12 


-12 


X.110 


1440 


1440 


1440 


96 


96 


-96 


-96 


96 








-32 






-18 






96 




32 






X.lll 


1440 


-1440 




-48 


48 










-24 


24 








-18 
















X.112 


1440 


-1440 




-48 


48 










-24 


24 








-18 
















X.113 


1920 


-1920 




-64 


64 










32 


-32 








-24 


-24 


-6 












X.114 


204S 


-2048 


























32 


-16 


8 












X.115 


2592 


-2592 




144 


-144 










-24 


24 

























Character table oj HiY'122) (continued) 



2 


10 


10 


10 


10 


10 


11 


11 


9 


9 


9 


9 


8 8 


9 


9 9 


9 8 


8 


8 8 


7 


3 


7 


7 


3 


1 


1 


1 


1 


1 






1 


1 


1 


1 


1 1 
















4 


4 


5 






































1 








4 t ; 


4 7 


4 S 


4g 4 i0 


4n 


4i 2 


4l3 


4l4 


4l5 


4 16 


4l7 4i 8 


4i9 


4 2 o 4 2 i 


4 22 4 23 


4 24 4 


2 5 4 2 6 4 27 


5 a 


6a 


66 


2P 


2e 


2e 


2e 


2e 


2e 


2e 


2e 


2 c 


2c 


29 


2g 


2i 2j 


2e 


2e 2/ 


2e 2i 


2i 


2.7 2i 


2i 


5a 


3a 


3a 


3P 


4(5 


4 7 


4s 


4o 4 i0 


4ll 


4i 2 


4 13 


4l4 


4l5 


4 16 


4l7 4i 8 


4ig 


4 2 o 4 2 i 


4 22 4 23 


4 24 4 


2 5 4 2 6 4 27 


5a 


2a 


26 


5P 


4(5 


4 7 


4 8 


4 9 


4io 


4n 


4i 2 


4i3 


4l4 


4is 


4i6 


4l7 4i 8 


4l9 


4 2 o 4 2 i 


4 22 4 23 


4 2 1 4 2 r t 4 2 6 


4i 


la 


6a 


6c 


X.85 
















-8 


-8 


8 


8 


















-9 


-9 


X.86 






































-2 


24 




X.87 


-6 








-6 


-14 


-14 


-6 


-6 


-6 


-6 






'. 2 


2 '. 


-2 


. -2 


-2 








X.88 


-6 








-6 


-6 


-6 


-6 


-6 


-6 


-6 






. 10 


-6 


2 


2 


2 








X.89 


-6 


12 


12 




-6 


-2 


-2 


6 


6 


6 


6 


-6 -6 


-4 


-4 -2 


6 -2 




-2 










X.90 


-6 


-12 


-12 




-6 


-2 


-2 




6 


6 


6 


6 6 


4 


4 -2 


6 2 




2 










X.91 


-8 


8 


-8 


-8 


8 




























-1 






X.92 


8 


8 


-8 


8 


-8 




























-1 






X.93 


8 


-8 


8 


-8 


-8 




























-1 






X.94 


-8 


-8 


8 


8 


8 




























-1 






X.95 




-16 


-16 


































24 


24 


X.96 




16 


16 


































24 


24 


X.97 




















-8 


8 


















12 




X.98 




















8 


-8 


















-6 


G 


X.99 




















8 


-8 


















-6 


G 


X.100 


-4 


-2 


2 


-10 


4 


-4 


4 












-2 


2 ! 


! -4 


-2 


4 -2 


2 








x.101 


4 


10 


-10 


10 


-4 


-4 


4 












2 


-2 


. -4 


2 


4 2 


-2 








X.102 


8 


-4 


-4 


-4 


8 
















-4 


-4 
















X.103 


8 


4 


4 


4 


8 
















4 


4 
















X.104 


4 


-10 


10 


-10 


-4 


-4 


4 












-2 


2 


'. 4 


2 


-4 2 


-2 








X.105 


-4 


2 


-2 


10 


4 


-4 


4 












2 


-2 


. 4 


-2 


-4 -2 


2 








X.106 








































-20 


H 


X.107 








































-20 


II 


X.108 




12 


-12 


-12 




8 


-8 












4 


-4 










i 






X.109 




-12 


12 


12 




8 


-8 












-4 


4 










1 






X.110 








































-18 


-18 


X.lll 




















4 


-4 










4 


'. -4 






18 


G 


X.112 




















4 


-4 










4 


. -4 






18 


G 


X.113 








































24 




X.114 






































-2 


-32 




X.115 




















-12 


12 










-4 


! 4 




2 
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Character table of H{F\22) (continued) 



8 7 
3 3 



7 7 7 7 
2 2 2 2 



5 5 4 4 4 4 
2 2 2 2 2 2 



5 5 
1 1 



5 3 4 
12 1 



6c 6d 6e 6/ 6g 6h 6i 6j 6k 61 6m 6n 6o 6p 6q 6r 6s 6t 6u 6v 6w 6x 6y 6z 8a 86 8c 8d 8e 



2P 
3P 
5P 



3a 3b 3b 3a 3a 3a 3a 3c 36 36 3c 36 36 36 36 3c 3c 3c 3c 3c 3c 36 3c 3c Ai A\ An An An 
26 2a 26 2c 2g 2g 2d 2a 2c 2d 2b 2e 2/ 2h 2g 2g 2g 2d 2c 2i 2j 2m 2h 21 8a 86 8c 8d 8e 
66 6d 6e 6/ Qh 6g 6i 6j 6k 61 6m 6n 6o 6p 6q 6s 6r fit 6u 6v 6w fix fiy 6z 8a 86 8c 8d 8e 



X.85 
X.86 
X.87 
X.88 
X.89 
X.90 
X.91 
X.92 
X.93 
X.9A 
X.95 
X.96 
X.97 
X.98 
X.99 
X.100 
X.101 
X.102 
X.103 
X.104 
X.105 
X.106 
X.107 
X.108 
X.109 
X.110 
X.lll 
X.112 
X.113 
X.11A 
X.115 



-24 



24 
24 



G 
G 



II 
II 



3 3 3 3 



9 -9 . . 


. . . -3 


-3 


. 1 


-1 


3 


3 . 


-1 . 


. -4 


4 


9 -9 . . 


. . . 3 


3 


. 1 


-1 


-3 


-3 . 


-1 . 


. -4 


4 


9 -9 . . 


. . . 3 


3 


. 1 


-1 


3 


-3 . 


1 . 


. 4 


-4 


9 -9 . . 


. . . -3 


-3 


. 1 


-1 


-3 


3 . 


1 . 


. 4 


-4 


-6-6 . . 






. 2 


2 






-2 . 






-6-6 . . 






. 2 


2 






2 . 






-24 . -4 . 


'. 4-6-4 


4 










.-2 2 -2 2 . . 







B B 
B B 



6 6 
6 6 



4 I I 
All- 



18 


. -6 -6 


-6 


-6 




G 


. -6 A 


A 


6 




G 


. -6 A 


A 


6 




. 24 


. 8 . 




-8 6-4 4 


'. . . .-2-2 2-2 



B B 
B B 



3 


3 


. -1 


1 


-3 


-3 










. 1 . 


. -2 


2 


'. 2 


-2 


3 


-3 


. -1 


1 


3 


3 










1 


. -2 


2 


. -2 


2 


3 


3 


. -1 


-1 


3 


3 










. -1 . 


. 4 


4 






3 


3 


. -1 


-1 


-3 


3 










1 


. -4 


-4 






3 


-3 


. -1 


1 


-3 


3 










. -1 . 


. 2 


-2 


'. -2 


2 


3 


3 


. -1 


1 


3 


-3 










. -1 . 


. 2 


-2 


. 2 


-2 


4 


-4 










B 


B 


2 


-2 . 












4 


-4 










B 


B 


2 


-2 . 













Character table oj HiY'122) (continued) 



2 


7 


7 6 


5 5 5 


2 3 2 


2 


5 


6 


6 


5 


5 


5 


5 


5 5 5 


5 5 


5 


5 


5 5 


3 








2 




3 


2 


2 


2 


1 


1 


1 


111 


1 1 


1 


1 


1 1 


5 








1 1 


i 




























8/ 


8g 8h 


8i 83 8k 


9a 10a 106 10c 12a 126 12c 12d 12e 12/ 12a 12a 12i 12j 12fc 12! 12m 


12?] 12o 12p 


2P 


4 3 4n 4 12 4 13 4 14 4 2 i 


9a 5a 5a 


5a 


6a 


fid 


fid 


fid 


6n 


fid 


6n 


6n 6n 6g 


6h 6a 


6a 


6h 


6n 6n 


3P 


8/ 


8g 8h 


81 83 8k 


3a 10a 106 10c 


4i 


4i 


4i 


4 2 


4 4 


4 5 


4(5 


A 7 A 8 4 i5 4i 5 4 3 


4l6 


4i6 4i 4 9 


5P 


8/ 


8g 8h 


8i 83 8k 


9a 2a 2h 


26 12a 126 12c 12d 12e 12/ 12a 12h 12i 12fc 12j 12! 


12n 12m 12o 12p 


X.85 












3 














. F 


F -1 


F 


F 




X.86 








'. 2 '. 




























X.87 


2 




'. '. 2 






























X.88 


2 




. -2 






























X.89 


-2 


-2 2 
































X.90 


-2 


2 -2 
































X.91 








. -1 -1 


1 




-3 


3 


-3 


-1 


1 


1 


-1 1 








-1 1 


X.92 








. -1 1 


1 




-3 


3 


3 


1 


1 


-1 


-1 1 








1 -1 


X.93 








. -1 -1 


1 




-3 


3 


-3 


-1 


-1 


-1 


1 -1 








1 1 


X.94 








. -1 1 


1 




-3 


3 


3 


1 


-1 


1 


1 -1 








-1 -1 


X.95 












-8 


-2 


-2 






-2 




2 2 










X.96 












-8 


-2 


-2 






2 




-2 -2 










X.97 


























. -2 


-2 '. 


2 


2 




X.98 


























. . -C 


-C . 


C 


C 




X.99 


























. . -C 


-C . 


C 


c 




X.100 














3 


-3 


3 


i 


-i 


-i 


1 -1 








i -i 


x.101 














3 


-3 


-3 


-i 


-1 


i 


1 -1 








-1 1 


X.102 














3 


3 


3 


-l 


-1 


-l 


-1 -1 








-1 -1 


X.103 














3 


3 


-3 


l 


1 


-l 


1 1 








-1 1 


X.104 














3 


-3 


3 


l 


1 


l 


-1 1 








-1 -1 


X.105 














3 


-3 


-3 


-l 


1 


-i 


-1 1 








1 1 


X.106 








-i 




























X.107 








-l 




























X.108 








l l 


-i 


























X.109 








l -l 


-l 


























X.110 












6 
















'. 2 








X.lll 


























. . 6 


C . 


-6 


-c 




X.112 


























. . C 


C . 


-c 


-c 




X.113 




































X.114 








2 2 '. 




























X.115 








. -2 





























SIMULTANEOUS CONSTRUCTIONS OF THE SPORADIC GROUPS Co 2 AND Fi 22 



81 



Character table of H{F'\22) (continued) 



2P 
3P 
r,p 



X.8 

X.S6 

X.S7 

X.88 

X.89 

X.90 

X.91 

X.92 

X.93 

X.94 

X.95 

X.96 

X.97 

X. 

X.99 
X.100 
X.101 
X.102 
X.103 
X.104 
X.105 
X.106 
X.107 
X.108 
X.109 
X.UO 
X.lll 
X.112 
X.113 
X.114 
X.UB 



12q 12r 12s 12t 12u 16a 166 18a 186 18c 20a 24a 246 



6j 6/ 6/ 6v 6w 8/ 8/ 9a 9a 9a 10a 126 126 
4 2 4i 3 4i4 4 i7 4 18 16a 166 6a 66 6c 20a 8a 86 
12a 12r 12s 12t 12u 166 16a 18a 18c 186 4 2 24a 246 



D D 
D D 



where A = — 6i^/3; 
F = -l + 2iy/3; G 



B = Usfi>; C = 1 + ^^/3; D = -iV3; E = -2(Cf + Cs) 
= -18i\/3; = 12iV3; and / = 4iV3. 
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B.5. Character table of D {¥122) — (x,y) 



2 


17 


17 


16 


15 


15 


16 


16 


14 


12 


12 


13 


13 


13 


11 


12 


10 


11 


11 


10 


10 


5 


12 


12 


10 


3 


1 


1 


1 


1 


1 






1 


1 


1 








1 




1 










1 






1 


5 


1 


1 


1 














































la 


2a 


26 


2c 


2d 


2e 


2/ 


2g 


2h 


2i 


2j 


2k 


21 


2m 


2n 


2o 


2p 


2q 


2r 


2 s 


3 a 


4 i 


4 2 


4 3 


— op" 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


3a 


2a 


2 a 


2a 


3P 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


2o 


2h 


2i 


2j 


2k 


21 


2m 


2n 


2o 


2p 


2q 


2r 


2s 


la 


4i 


42 


4 3 


5P 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


2a 


2h 


2i 


2j 


2k 


21 


2m 


2n 


2o 


2p 


2g 


2r 


2 s 


?>a 


4i 


42 


4 3 


X. 1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


— 1 


1 


1 


— 1 


1 




1 


1 


— 1 


X.3 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


— 2 






_2 






4 


4 


— 2 


XA 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


2 






2 






4 


4 


2 


X.5 


5 


5 




5 


5 


5 


5 


5 




5 




5 


5 


5 


5 


1 


i 


i 


1 


i 


— 1 




5 


1 


X.6 


5 


5 


g 


— 3 


—3 


5 


5 


— 3 


1 


1 


5 


5 


—3 


1 


—3 


— 3 


1 


1 


1 


1 


2 


— 3 




— 3 


X.7 






5 


5 




5 




5 


5 


5 


5 


5 




5 


5 


— 1 


1 


1 


— 1 


1 


-1 


5 


5 


— 1 


X.8 


g 


g 


5 


_3 


_3 




5 


_3 


1 


1 


5 


5 


_3 


1 


_3 


3 


1 


1 


— 1 


1 


2 


_3 


5 


3 


X.9 




6 


6 


6 


6 


6 


6 


6 


6 


6 


5 




5 


6 


6 




_2 


_2 




_2 




g 


Q 




X.1Q 


10 


10 


10 


— 6 


—6 


10 


10 


— 6 


2 


2 


10 


10 


— 6 


2 


—6 




2 


2 




2 


— 2 


— 6 


10 




X.ll 


10 


10 


10 


2 


2 


10 


10 


2 


— 2 


— 2 


10 


10 


2 


— 2 


2 


4 


2 


2 




2 


1 


2 


10 


4 


X.12 


10 


10 


10 


2 


2 


10 


10 


2 


— 2 


— 2 


10 


10 


2 


— 2 


2 


— 2 


— 2 


-2 


2 


— 2 


1 


2 


10 


— 2 


X.13 


10 


10 


10 


2 


2 


10 


10 


2 


— 2 


— 2 


10 


10 


2 


— 2 


2 


2 


_2 


— 2 


— 2 


_2 




2 


10 


2 


X. 14 


10 


10 


10 


2 


2 


10 


10 


2 


— 2 


— 2 


10 


10 


2 


— 2 


2 


—4 


2 


2 




2 




2 


10 


— 4 


X.15 


15 


15 


15 


15 


15 


15 


15 


15 


15 


15 


-1 


— 1 


15 


15 


— 1 


3 


3 


3 


3 


3 




— 1 


-1 


3 


X.16 


15 


15 


15 


15 


15 


15 


15 


15 


15 


15 


-1 


— 1 


15 


15 


— 1 


3 


— 1 


-1 


3 


— 1 




— 1 


-1 


3 


X.17 


15 


15 


15 


— 9 


— 9 


15 


15 


— 9 


3 


3 


— 1 


— 1 


—9 


3 


7 


3 


3 


3 


— 1 


3 




7 


— 1 


3 


X.18 


15 


15 


15 


— 9 


— 9 


15 


15 


— 9 


3 


3 


— 1 


_1 


— 9 


3 


7 


3 


_1 


— 1 


— 1 








— 1 


3 


X.19 


15 


15 


15 


— 9 


— 9 


15 


15 


— 9 


3 


3 


15 


15 


— 9 


3 


— 9 


3 


— 1 


-1 


— 1 






— 9 


15 


3 


X.20 


15 


15 


15 


15 


15 


15 


15 


15 


15 


15 


— 1 


_1 


15 


15 


_1 


_3 


_1 


— 1 


_3 






— 1 


— 1 


_3 


X.21 


15 


15 


15 


15 


15 


15 


15 


15 


15 


15 


-1 


— 1 


15 


15 


— 1 


—3 


3 


3 


— 3 


3 




— 1 


— 1 


—3 


X.22 


15 


15 


15 


— 9 


— 9 


15 


15 


— 9 


3 


3 


-1 


— 1 


— 9 


3 


7 


—3 


— 1 


— 1 


1 






7 


— 1 


— 3 


X.23 


15 


15 


15 


— 9 


—9 


15 


15 


— 9 


3 


3 


15 


15 


—9 


3 


— 9 


—3 


— 1 


— 1 


1 






— 9 


15 


— 3 


X.24 


15 


15 


15 


— 9 


— 9 


15 


15 


— 9 


3 


3 


— 1 


— 1 


—9 


3 


7 


— 3 


3 


3 


1 


3 




7 


— 1 


— 3 


X.25 


20 


20 


20 


4 


4 


20 


20 


4 


—4 


— 4 


20 


20 


4 


— 4 


4 


_2 






— 2 




— 1 


4 


20 


_2 


X.26 


20 


20 


20 


4 


4 


20 


20 


4 


— 4 


— 4 


20 


20 


4 


— 4 


4 


2 






2 




— 1 


4 


20 


2 


X.21 


30 


30 


30 


6 


6 


30 


30 


6 


— 6 


— 6 


— 2 


— 2 


6 


— 6 


6 




_2 


_2 


4 


_2 




6 


— 2 




X.28 


30 


30 


30 


6 


6 


30 


30 


6 


—6 


— 6 


-2 


— 2 


6 


— 6 


6 




— 2 


-2 


—4 


— 2 




6 


-2 




X.29 


30 


30 


30 


30 


30 


30 


30 


30 


30 


30 


— 2 


_2 


30 


30 


— 2 




_2 


— 2 




— 2 




— 2 


— 2 




X.30 


30 


30 


30 


— 18 


— 18 


30 


30 


— 18 


6 


6 


— 2 


— 2 


— 18 


6 


14 




— 2 


— 2 




— 2 




14 


— 2 




X.31 


30 


30 


30 


6 


6 


30 


30 


6 


— 6 


— 6 


— 2 


— 2 


6 


— 6 


6 


6 


2 


2 


2 


2 




Q 


— 2 


6 


X. 32 


30 


30 


30 


6 


6 


30 


30 


6 


—6 


— 6 


— 2 


— 2 


6 


— 6 


6 


—6 


2 


2 


— 2 


2 




Q 


— 2 


— 6 


X.33 


32 


— 32 




16 


— 16 








8 


— 8 














8 


—8 






2 








X.34 


40 


40 


— 40 


16 


16 


8 


— 8 


— 16 


4 


4 


8 


— 8 




— 4 




_2 


—4 


— 4 


— 6 


4 


I 






2 


X.35 


40 


40 


—40 


— 16 


— 16 


8 


— 8 


16 


4 


4 


8 


— 8 




— 4 




2 


—4 


— 4 


— 2 


4 


I 






— 2 


X.36 


40 


40 


—40 


— 16 


— 16 


8 


— 8 


16 


4 


4 


8 


— 8 




— 4 




— 10 


4 


4 


2 


—4 


I 






10 


X.37 


40 


40 


— 40 


16 


16 


8 


— 8 


— 16 


4 


4 


8 


— 8 




— 4 




10 


4 


4 


6 


—4 


1 






— 10 


X.38 


40 


40 


— 40 


— 16 


— 16 


8 


— 8 


16 


4 


4 


8 


— 8 




— 4 




— 2 


—4 


-4 


2 


4 


1 






2 


X.39 


40 


40 


— 40 


16 


16 


8 


— 8 


— 16 


4 


4 


8 


— 8 




— 4 




2 


—4 


-4 


6 


4 


1 






— 2 


X.40 


40 


40 


—40 


16 


16 


8 


— 8 


— 16 


4 


4 


8 


— 8 




— 4 




— 10 


4 


4 


— 6 


—4 


I 






10 


XA1 


40 


40 


— 40 


— 16 


— 16 


8 


— 8 


16 


4 


4 


8 


— 8 




— 4 




10 


4 


4 


— 2 


—4 


1 






— 10 


XA2 


60 


60 


60 


—36 


— 36 


60 


60 


— 36 


12 


12 


— 4 


— 4 


— 36 


12 


— 4 


— 6 






2 






—4 


— 4 


—6 


X.43 


60 


60 


60 


— 36 


— 36 
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-128 


128 


































X.96 


480 


-480 




-144 


144 








24 


-24 












-8 


8 














X.97 


640 


-640 




64 


-64 








-32 


32 




















-2 









Character table of D (¥122) (continued) 



2 

3 
5 


11 


11 


10 


10 


10 


10 


10 10 10 10 10 8 8 9 9 9 9 9 9 9 9 9 9 8 8 8 
11 




4.1 


4r, 


4 6 


4 7 


4s 


4g 


4in 4n 4i 2 4i 3 4 14 4i5 4i 6 4 17 4 18 4 19 4 2 o 4 21 4 22 4 23 4 2 4 4 2rj 4 2fi 4 2 7 4 2 g 4 29 


2P 
3P 
5P 


2 c 
44 
4.1 


2c 
4 5 
45 


2 c 
4 6 
4 6 


2 1: 
4 7 
4 7 


2e 
4s 
4s 


2, 

4 9 
4;, 


2e 2e 2a 2e 2e 2h 2i 2c 2c 2j 2g 2/ 2j 2e 2e 2e 2g 2j 2h 2j 
4io 4n 4i2 4i 3 4i 4 4i 5 4i 6 4 17 4 18 4i 9 4 2 o 4 2 i 4 22 4 2 3 4 24 4 25 4 2 6 4 27 4 28 4 29 
4io 4n 4 i2 4i 3 4i 4 4 i5 4i 6 4 i7 4 is 4 i9 4 20 4 2i 4 22 4 23 4 24 4 25 4 26 4 27 4 28 4 29 


X.85 
X.86 
X.87 
X.88 
X.89 
X.90 
X.91 
X.92 
X.93 
X.94 
X.95 
X.96 
X.97 


8 
8 


-8 
-8 


4 
-4 


-8 


4 
-4 


-8 


4 -4 

-8-8 .8 8 1 . 

. -4 -4 . -4 4 . -4 .4 . -4 

! 4 4 ! 4 -4 ! 4 ! -4 ! 4 

-8 8 '. 

8 -8 

-4 4 '. 



Character table of D (¥122) (continued) 



2 

3 
5 


888888877766 


2 
1 


5 
1 


5 
1 


5 4444 4 43777 
111111 11... 




4 3 o 431 4 ;i2 4 33 4 34 4 35 4 36 4 37 4 38 4 39 4 40 4 4i 


5a 


6 a 


66 


6c 6d 6e 6/ 69 6/1 6i 6j 8a 8b 8c 


2P 
3P 
5P 


2/ 2h 2j 2j 2j 2i 2h 2k 2h 2j 2p 2q 
4 3 o 4 3 i 432 433 434 435 436 437 43s 43 9 440 441 
4 30 4 3i 4 32 4 33 4 34 4 35 4 36 4 37 4 38 4 39 4 40 4 4i 


5a 
5a 
la 


3a 
2 ft. 
6a 


3a 
2i 
66 


3a 3a 3a 3a 3a 3a 3a 3a 44 44 4\ 
2a 2d 2g 2g 26 2c 2m 2o 8a 8b 8c 
6c 6d 6/ 6e 69 6h 6i 6j 8a 8b 8c 


X.85 
X.86 
X.87 
X.88 
X.89 
X.90 


. -4 .... 4 

8 

4 -4 '. 
. 8 

.-4 4 




2 


-2 


2 . C C 



X.91 
X.92 
X.93 
X.94 
X.95 



X.96 . 4 
X.97 



Character table of D (¥122) (continued) 



2 

3 
5 


77776666 


5 5 


555222333 

Ill 

111 


5 


5 




8d 8e 8/ 89 8ft 81 8j 8fc 


81 8m 


8n 8o 8p 10a 10b 10c 12a 12b 12c 


16a 


lfib 


2P 
3P 
5P 


4 2 4 4 4 4 4 2 4x 4 5 4 7 4 7 
8d 8e 8/ 89 8h 8i 8fe 8j 
8d 8e 8/ 89 8h 8i 8j 8k 


4l7 4 i8 
81 8m 
81 8m 


4l 9 4 2 i 4 22 5a 5a 5a 6a 6b 6c 
8n 8o 8p 10a 10c 10b 4 15 4 i6 4 3 
8n 8o 8p 2a 2b 2b 12a 12b 12c 


8c 8c 
16a 16b 
16b 16a 


X.85 
X.86 
X.87 
X.88 
X.89 
X.90 












X.91 








D 


D 


X.92 
X.93 
X.94 
X.95 
X.96 
X.97 








D 


D 



where A = 4i, B = i\fl, C = -2iV3, and D = -2(C| + Cs)- 
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B.6. Character table of E2 = £'(Fi22) = (x,y,e) 



2 


17 


16 


17 


16 


13 


13 


6 


12 


12 


10 


9 


10 


9 


9 


8 


7 


7 


2 


6 


4 


4 


5 


4 


1 


1 


7 


3 


2 


2 


1 


2 


1 




2 






1 


1 
















2 


2 


2 


1 


1 








5 


1 


1 


1 






























1 


















7 


1 


1 












































1 


1 




11 


1 






















































la 


2a 


2b 


2c 


2d 


2e 


3 a 


4a 


46 


4c 


4d 


4e 4/ 


4g 4h 


4? 


4 j 


5(7 


0(7 


66 


6c 


6d 


6e 


7a 


76 


8(7 


TP 


la 


I a 




~ a 




i a 


3a 


2b 


26 


2b 




26 


2d 


2,1 


2d 






— 

■j a. 


— 

3a 


3a 


3a 








76 




on 

3-/r 


la 


2a 


Ok 


2c 


2a 




la 


4a 


46 


4c 


4 a 


4 c 


4/ 


4o 4h 


4? 




■JO: 


2 c 


2 a 


2c 


9? 
26 


9' j 
2 a 


-7 
76 


7(7 


8a 


5f 


la 


2a 


2b 


2c 


2a 





3 a 


4a 


46 


4c 


4a 


4 c 


4/ 


49 
49 


4/i 


4; 


4j 


la 


6a 


66 


6c 


6(7 


6e 


76 


7(7 


8(7 


7-P 


la 


2a 











3 a 


4a 


46 


4 c 


4d 


4 c 


4/ 


Ah 


4? 


4j 


oa 


6a 


66 


6c 


(id 


6e 


la 


1(7 


8a 


llj= * 


la_ 


2a_ 


Oh 


9 


Od 
— 2d_ 


9 

— ±£_ 


_3a_ 








— 4d_ 


4 c 


4/ 


49 


Ah 


—kL 


4.7 


—111. 


_0a_ 


_66_ 


_bc_ 




Jul 


_l£L 


_iiL 


_8a_ 


X.l 


1 


1 


_ 

1 


_ 

1 


1 


1 


1 


— _ 

1 


— — 

1 


— _ 

1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.2 


21 


21 


21 


21 






3 


5 


5 


5 


5 


5 


1 


1 


1 


1 


1 


1 


3 


3 


3 


3 


— 1 






1 


X.3 


45 


45 


45 


45 


— 3 


-3 




-3 


-3 


-3 


-3 


_3 


1 


1 




1 


1 














A 


A 


1 


X.4 


45 


45 


45 


45 


— 3 


-3 




-3 


-3 


-3 


-3 










1 


1 














A 


A 


1 


X.5 


55 


55 


55 


■:>■:) 


7 


7 


1 


7 


7 


7 


7 


7 


'j, 






-1 


-1 




1 


1 


1 


1 


1 


-1 


-1 


3 


X.6 


77 


-35 


13 


-3 


13 


-3 


5 


-3 


5 


-7 


1 




_3 


i? 




1 


1 


2 


-3 


1 


-3 


1 


1 






1 


X.7 


99 


99 


99 


99 


3 


3 




3 


3 


3 


3 


3 


3 








-1 


-1 


-1 












i 


i 


3 


X.8 


154 


154 


154 


154 


10 


10 


i 


10 


10 


10 


10 


10 


_2 




~~ ^ 


2 


2 


-1 


1 


1 


1 


1 


1 






-2 


X.9 


210 


210 


210 


210 


2 


2 


3 


2 


2 


2 


2 


2 


_ 2 




~~ ~ 


-2 


-2 




3 


3 


3 


3 


-1 






-2 


X.10 


231 


231 


231 


231 


7 


7 


-3 


7 


7 


7 


7 




_ j 


— 1 


— 1 


-1 


-1 


i 


-3 


-3 


-3 


-3 


1 






-1 


X.ll 


280 


280 


280 


280 


-8 


-8 


1 


-8 


-8 


-8 


-8 


g 














1 


1 


1 


1 


1 








X.12 


280 


280 


280 


280 


-8 


-8 


1 


-8 


-8 


-8 


-8 


—8 














1 


1 


1 


1 


1 








X.13 


330 


90 


10 


-6 


26 


10 


6 


-6 


2 


6 


-2 


2 


2 


6 


2 


2 


2 




6 






-2 


2 






-2 


X.14 


385 


385 


385 


385 


1 


1 


-2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




-2 


-2 


-2 


-2 


-2 






1 


X.15 


385 


-175 


65 


-15 


17 


1 


-2 


1 


9 


-11 


5 


-3 


5 


-3 


1 


1 


1 




6 


-4 




2 


2 






1 


X.16 


385 


-175 


05 


-15 


17 


1 


7 


1 


9 


-11 


5 


-3 




-3 


1 


1 


1 




-9 


5 


-3 


-1 


-1 






1 


X.17 


616 


-56 


-24 


8 


24 


-8 


4 


8 


-8 








4 


4 


-4 


4 


-4 


i 


-4 


-2 


2 












X.18 


616 


-56 


-24 


8 


24 


-8 


4 


8 


-8 








4 


4 


-4 


-4 


4 


1 


-4 


-2 


2 












X.19 


616 


-280 


104 


-24 


8 


8 


— 5 


8 


8 


-8 


8 


-8 












1 


3 


-1 


3 


-1 


-1 








X.20 


616 


-280 


104 


-24 


8 


8 


— 5 


8 


8 


-8 


8 


-8 












1 


3 


-1 


3 


-1 


-1 










693 


— 315 


117 


— 27 




5 




5 


13 


— 15 


9 


-7 


-3 


5 


1 
























X.22 


770 


-350 


130 


-30 


-14 


18 


5 


18 


2 


2 


10 


-14 


-2 


-2 


-2 


-2 


-2 




-3 


1 


-3 


1 


1 






-2 


X.23 


990 


270 


30 


-18 


-18 


-2 




14 


6 


-6 


-6 


2 


-6 


2 


-2 


2 


2 














A 


A 


2 


X.24 


990 


270 


30 


-18 


-18 


-2 




14 


6 


-6 


-6 


2 


-6 


2 


-2 


2 


2 














A 


A 


2 


X.25 


1155 


-525 


195 


-45 


35 


-13 


3 


-13 


11 


-17 


-1 


7 




3 


-1 


-1 


-1 




3 


-3 


-3 


3 


-i 






-1 


X.26 


1155 


-525 


195 


-45 


-13 


3 


3 


3 


-5 


7 


-1 


-1 


7 


-1 


3 


-1 


-1 




3 


-3 


-3 


3 


-1 






3 


X.27 


1980 


540 


60 


-36 


60 


28 




-4 


12 


12 


-12 


-4 


4 


4 


4 






















-4 


X.28 


2310 


-1050 


390 


-90 


22 


-10 


-3 


-10 


6 


-10 


-2 


6 


2 


2 


2 


-2 


-2 




-3 


3 


3 


-3 


1 






2 


X.29 


2310 


630 


70 


-42 


-10 


6 


6 


22 


14 


-6 


-14 


2 


2 


-6 


-2 


-2 


-2 




6 






-2 


2 






2 


X.30 


2310 


630 


70 


-42 


22 


38 


6 


-10 


-18 


-6 


2 


2 


2 


-6 


-2 


2 


2 




6 






-2 


-2 






2 


X.31 


2310 


630 


70 


-42 


22 


-26 


6 


-10 


14 


18 


2 


-6 


-6 


2 


-2 


-2 


-2 




6 






-2 


-2 






2 


X.32 


2040 


720 


80 


-48 


16 


16 


-6 


16 


16 




-16 
















-6 






2 


-2 








X.33 


3405 


-1575 


585 


-135 


-39 


9 




9 


-15 


21 


-3 


-3 


-3 


5 


1 


1 


i 


















i 


X.34 


3405 


-1575 


585 


-135 


9 


-7 




-7 


1 


-3 


-3 


5 


1 


-7 


-3 


1 


1 


















-3 


X.35 


4620 


1260 


140 


-84 


44 


12 


-6 


-20 


-4 


12 


4 


-4 


-4 


-4 


-4 








-6 






2 


2 






4 


X.36 


5544 


-504 


-216 


72 


24 


-8 




8 


-8 








4 


4 


-4 


4 


-4 


-i 


















X.37 


5544 


-504 


-216 


72 


24 


-8 




8 


-8 








4 


4 


-4 


-4 


4 


-1 


















X.38 


6160 


-560 


-240 


80 


48 


-16 


4 


16 


-16 








-8 


-8 


8 








-4 


-2 


2 












X.39 


6160 


-560 


-240 


80 


-48 


16 


4 


-16 


16 




















-4 


-2 


2 












XAO 


6160 


-560 


-240 


80 


-48 


16 


4 


-16 


16 




















-4 


-2 


2 












X.41 


0930 


1890 


210 


-126 


-30 


18 




2 


-22 


-18 


6 


6 


-2 


6 


2 


-2 


-2 


















-2 


X.42 


0930 


1890 


210 


-126 


-30 


-46 




2 


10 


6 


6 


-2 


6 


-2 


2 


2 


2 


















-2 


X.43 


9856 


-896 


-384 


128 






-8 






















i 


8 


4 


-4 













88 
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Character table of ' E<i = E{¥\2-i) (continued) 



2 


7 


7 


6 


5 


5 


5 


2 


2 2 






4 


3 


i 


1 


5 5 


3 






















1 


1 








5 














1 


1 1 
















7 


























l 


1 




11 


















i 


1 














8 b 


8c 


8,/ 


8e 8/ 


8a 10a 106 10c 11a 116 12a 126 14a 146 16a 166 


2P 


4 b 


46 


4a 


4d 4/ 


An 


5a 


5a 5a 116 11a 


6 a 


6(f 


7a 


76 


8a 8a 


3P 


86 


8c 


Sd 


8e 


^ /' 

oj 


8 a 


106 10a 10c 11a 


lib 


4d 


4c 14b 14a 16a 16b 


5P 


86 


8c 


8d 




8/ 


8,° 




2a 26 11a 


lib 12a 


12b 


146 14a 


166 16a 


IP 


86 




8a" 




8/ 


10b 




116 


11a 




126 






166 16a 


IIP 


8 b 


8c 


8d 


„ ; 


8./ 




l_0a_ 


i nb in 

100 10c 


La 


la 




126 14a 


146 16a 166 


X 1 




1 




1 


1 




1 


1 1 


1 


1 


1 


1 


1 


1 


1 1 


X.2 


1 


X 


X 


1 


-1 


— 1 


1 


1 1 


-1 


-1 


-1 


-1 






-1 -1 


X.3 








1 


-1 


— 1 






1 


1 






A 


A 


— 1 — 1 


XA 


1 


1 


1 


1 


— 1 


_ x 






1 


1 






A 


A 


— 1 —i 


X.5 


3 


3 


— 1 


-1 


1 












i 


i 


-1 


-1 


1 1 


X.6 


1 


—3 


1 


-1 


1 


1 




. -2 






l 


-l 






-1 -1 


X.7 


3 


3 


— 1 


-1 


-1 


-1 


-i 


-1 -1 










i 


i 


-1 -1 


X.8 


—2 


—2 


2 


2 






-l 


-1 -1 






i 


i 








X.9 


—2 


—2 


—2 


-2 










1 


i 


-l 


-i 








X.10 


— 1 


— 1 


— 1 


-1 


-1 


-1 


i 


1 1 






l 


i 






— 1 —1 


X.ll 


















B 


B 


l 


l 








X.12 


















B 


B 


l 


i 








X.13 


-2 


2 


-2 
















-2 










X.14 


1 


1 


1 


i 


i 


i 










-2 


-2 






i i 


X.15 


-3 


1 


1 


-i 


-i 


— i 










2 


-2 






l l 


X.16 


-3 


1 


1 


-i 


-i 


-i 










-1 


1 






l l 


X.17 










-2 


2 


-i 


-1 1 
















X.18 










2 


-2 


-l 


-1 1 
















X.19 














G 


-C -1 






-i 


i 








X.20 














-c 


C -1 






-1 


i 








X.21 


1 


—3 


i 


-i 








. 2 














-i -i 


X.22 


2 


2 


-2 


2 














i 


-i 








X.23 


-2 


2 


-2 




















-A 


— A 




X.24 


-2 


2 


-2 




















-A 


—A 




X.25 


3 


-1 


-1 


i 


-i 


-i 










-i 


i 






i i 


X.26 


— 5 


-1 


-1 


i 


1 


1 










-l 


i 






-l -l 


X.27 
































X.28 


-2 


-2 


-2 


2 














i 


-i 








X.29 


2 


-2 


2 
















-2 










X.30 


2 


-2 


-2 
















2 










X.31 


-2 


2 


2 
















2 










X.32 






















2 










X.33 


i 


-3 


i 


-1 


-i 


-i 


















i i 


X.34 


i 


5 


1 


-1 


i 


l 


















-l -l 


X.35 






















-2 










X.36 










2 


-2 


i 


i -i 
















X.37 










-2 


2 


l 


l -l 
















X.38 
































X.39 






























D D 


X.40 






























D D 


X.41 


-2 


2 


2 


























X.42 


2 


-2 


-2 


























X.43 














-i 


-i i 

















where A = ±(-1 + iy/7), B = \{-1 + i\/U.), C = ~iV$, and D = — 2(C| + Cs)- 
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Appendix C. Generating matrices of Fischer group 02 

The generating matrices are block matrices: 



H : 



Hi 








n 2 



Xi 








x 2 














£i 


£2 


£ 3 


£4 



where H u X 1 ,y 1 e GL 46 (13) and H 2 ,X 2 ,y 2 & GL 32 (13); while £ x e Mat 38!38 (13), 
£4 e Mat4o,4o(13), £2 € Mat38,4o(13), and £ 3 e Mat4o, 3 s(13). Below, the element 
of GF(13) is replaced by a dot. 



Matrix Hi: 

6.9.1 

8 2 5 11 6 12 

. 6 1 4 10 9 

11 8 10 2 5 3 

9 11 6 3 7 10 

.94245 

3 8 1 6 1110 7 10 3 6 6 4 1212 33 12 9 11 331. 5881 11. .811 111012 4 1 7 1 

66468 12 8 12 88441279 12 24 111212 . 3 . 7 11 . 3 10 4 1 12 1 8 8 11 7 5 10 

7554562 10 49. 1112 32 11. 10 724 12 66 . 33534 . 5 . 5 . . 822 12 

235. 462 10 6. 754 12 1166486197824 12 931288954 12 6 

7.8 6 1210 6 10 . 7 1211 8 1.6 9 1211 6 . 39696 11 76 1212 7581 12 194 11 

11 27 11 612. 219757 1211 3 7 . 12 7 6 4 . 101210 8 6 4.3 1 9 1211 2 3 11 3 

9 1212 . 84 11 369 11. 11 6 11. 11 354 10 69 10 633442 12 61 . 7 11 38 11 2 

14814 12 23 11 5422589. 11 57. 148 1212 672613 10 8. 325. 8 



1012 784 12 1 175 10 16399 12 87 11 3 .12 1 19 11 10 4 11 9 1212 7 7 2 4 9 6 4 



) . 


3 


8 


113 


3 12 1 8 12 . 12 2 8 


1 10 3 


2 


2 3 




8 


2 1010 4 




1 12 8 


6 


7 5 3 5 


3 


7 


11 


! 1 




2 


2 9 7 


6 12 3 1010 9 . 1111 


7 1210 


6 


1011 


7 




6 118 


7 


11 3 


5 


1 


3 1012 2 


2 




2 


3 


10 5 


8 . 5 


52475 10 62 . 


. 12 9 


3 


5 5 
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SIMULTANEOUS CONSTRUCTIONS OF THE SPORADIC GROUPS Co 2 AND Fi 22 93 
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